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Voorwoord 
Dit proefschrift is een deelstudie van de Nijmegen Otitis Media Studie (ook wel 
aangeduid als het KNOOP-project: Katholieke Universiteit Nijmegen oor 
onderzoek project). Bij deze deelstudie zijn betrokken: de afdeling Keel-, neus- en 
oorheelkunde van het Academisch Ziekenhuis St. Radboud, de vakgroep 
Medische informatiekunde, epidemiologie en statistiek en de vakgroep Ortho-
pedagogiek van de Katholieke Universiteit Nijmegen. De samenwerking ont-
stond op initiatief van prof. dr. P. van den Broek en wijlen prof. dr. J. Dumont. In 
1990 was prof. dr. J. Dumont als promotor betrokken bij dit deel van het 
onderzoek. Door ziekte kon hij slechts korte tijd actief betrokken zijn bij de 
uitvoering ervan. Hopelijk voldoet het proefschrift aan zijn verwachtingen. 
In de eerste fase van de Nijmegen Otitis Media Studie werd een groot aantal 
kinderen tussen het tweede en vierde levensjaar driemaandelijks onderzocht op 
de aanwezigheid van OME (otitis media met effusie). In de tweede fase onder-
gingen dezelfde kinderen, die inmiddels zeven jaar oud waren, een otologisch en 
audiologisch onderzoek. De resultaten van dit tweede deel van het onderzoek 
zijn beschreven in het proefschrift van A. Schilder, getiteld 'Long-term effects of 
otitis media with effusion in children' (1993). Geselecteerde kinderen werden 
tevens onderzocht op taalvaardigheid en lees- en schrijfvaardigheid. Dit proef-
schrift handelt over de effecten van OME op hun taalvaardigheid en school-
vorderingen. 
De tweede fase van de Nijmegen Otitis Media Studie werd mogelijk gemaakt 
door financiële steun van de Stichting Kinderpostzegels Nederland, de LOM-
stichting en het Praeventiefonds. 
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Chapter 1 
Introduction 
In a period that is of great importance for language development, many children 
have to deal with a hearing loss as a result of the occurrence of otitis media with 
effusion (OME). OME is one of the most common diseases among young 
children. The term OME refers to an inflammation of the middle ear accom-
panied by accumulation of liquid in the middle-ear cleft without the signs and 
symptoms of acute infection (Senturia, Bluestone, Klein, Lim, & Paradise, 1980). 
The functional effect of OME is a conductive hearing loss of 20-25 dB associated 
with the presence of fluid in the middle ear (Chalmers, Stewart, Silva, & 
Mulvena, 1989). The hearing loss due to early OME is generally assumed to bring 
about speech and language problems particularly when it occurs during language 
acquisition (FrielPatti, 1990; Howie, Jensen, Fleming, Peeler, & Meigs, 1979; 
Roberts, Burchinal, Davis, Collier, & Henderson, 1991). Because learning to read 
and spell are dependent on language development, the later reading and spelling 
problems of some children can also have their origins in the linguistic problems 
caused by such an early hearing loss (Teele, Klein, Rosner, & The Greater Boston 
Otitis Media Study Group, 1984). 
The evidence for a detrimental effect of OME on later language ability and 
academic achievement is nevertheless inconclusive. An increasing number of 
studies has suggested an association between a history of OME during early child-
hood and later intellectual performance, during the past decades, but many of 
these studies had serious methodological shortcomings (Paradise, 1981). The 
studies have often been retrospective, which means that the OME histories of 
children with learning disabilities are compared to children without learning dis-
abilities (Masters & Marsh, 1978). The children with learning disabilities appear to 
have had middle-ear pathology more frequently than the control children. This 
retrospective methodology has been criticized (Lous & Fiellau-Nikolajsen, 1984; 
Roberts et al., 1991) and recently led to more carefully designed longitudinal 
studies. Some of these studies suggest an association between early OME and later 
linguistic, and educational achievement (Silva, Chalmers, & Stewart, 1986; Teele, 
Klein, Chase, Menyuk, Rosner, & The Greater Boston Otitis Media Study Group, 
1990), while other studies fail to show such effects (Roberts, Burchinal, & 
Campbell, 1994; Roberts, Burchinal, Davis, Collier, & Henderson, 1991; Lous & 
Fiellau-Nikolajsen, 1984; and Lous, Fiellau-Nikolajsen, & Jeppesen, 1988). 
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The timing of the data collection in these prospectée studies could, according 
to Roberts et al. (1991), explain the differences in the findings. The OME-monitor-
ìng periods differed- they varied from birth to the age of five, and the impact of 
such different periods on later language and educational attainment remains 
open to question. The moment at which the language and cognitive measures 
were taken varied. The assessments were sometimes made during infancy, m the 
preschool period, at the same time that the OME was monitored, and/or im-
mediately after an OME period and, as a result, the long-term relation of OME to 
later problems remains unclear. 
Another methodological issue involves the investigation of the frequency and 
duration of the OME episodes. In most of the research, with the exception of 
Roberts et al. (1994), the frequency and nature of the OME (whether the OME was 
continuous or recurrent) was not considered. The relation between recurrent as 
opposed to more continuous OME and later problems is therefore not addressed 
in the prospective studies. 
In search of an explanation for the differences in the findings, it has also been 
suggested that the effects of OME on later language and learning may be the 
cumulative effect of a number of risk factors (Bishop & Edmundson, 1986; Lous et 
al., 1988; Roberts & Schuele, 1990). Most children with OME may overcome the 
short-term effects of OME as soon as the disease disappears and even when the 
OME has been long-lasting (Lous, 1995, Roberts et a l , 1991, 1994). The combined 
effects of early OME and other risk factors on later language, reading, and spelling 
performance are nevertheless unclear because this possibility has not been 
studied systematically in prospective studies. 
The efficacy of treatment with ventilation tubes also remains inconclusive. 
Insertion of a ventilation tube in the tympanic membrane is the most common 
surgical intervention for OME (Bluestone, 1989). Tubes are effective for the 
improvement of hearing in case of the OME. However, only a few studies have 
examined whether treatment with ventilation tubes positively effects on later 
language and educational achievement or not (Paden, Matthies, & Novak, 1989; 
Rach, Zielhuis, van Baarle, & van den Broek, 1991). 
The current thesis is a follow-up on the epidemiological Nijmegen Otitis 
Media Study, which was conducted longitudinally in Nijmegen (The Nether-
lands) and aimed at the evaluation of the efficacy of screening for OME in 
preschool children. A birth cohort of 1439 children born in Nijmegen between 
September 1, 1982 and August 31, 1983 formed the basis for this study. Of these 
children, a total of 1328 participated and was screened for OME using tympano-
metry at three-month intervals between their second and fourth birthdays. At the 
time of the school-age follow-up, 131 of the 1328 children had moved to another 
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region and the parents of 37 children had indicated that they were not interested 
in further participation after the preschool screening. 
At the age of seven, 1160 children from the original cohort were invited to 
participate in a follow-up study that included otomicroscopy, audiometry, and 
language and educational assessments. A total of 946 children was examined oto-
logically and audiologically. A selection of this group then participated in the 
language and educational assessments. Of these 395 children, 305 children (77%) 
were finally assessed. A separate thesis by Schilder (1993) focused on the otologic 
and auditory findings. The present thesis addresses the effects of OME on lan-
guage ability and educational skills. Data from a variety of language, reading, and 
spelling tests and from questionnaires administered to both parents and teachers, 
were used to examine a broad range of language and educational skills. These 
data were related to the ear-nose-and-throat (ENT) histories of the children 
between birth and the age of seven years. Parents were interviewed with regard to 
the children's ENT histories between birth and the age of two years; the children 
were screened for the occurrence of OME using tympanometry at three month 
intervals between the ages of two and four and information with regard to ENT 
diseases and treatment was obtained from medical records, parental question-
naires and otolaryngologists for the period between four and seven years. At 
seven years of age, the children were also screened for the occurrence of OME 
using tympanometry. 
The basic hypothesis behind the Nijmegen Otitis Media Study is that the 
hearing deficit during the preschool period caused by the occurrence of bilateral 
OME, will negatively affect the ongoing development of the language skills that 
are assumed to mediate between this hearing loss and later reading and spelling. 
In Chapter 1 of the present thesis, the research questions to be addressed in our 
follow-up study and the successive chapters are outlined. 
In Chapter 21, the association between preschool OME and language ability at 
the age of seven is studied. In this chapter, long-lasting, bilateral OME between 
the ages of two and four is related to language ability at the age of seven. The 
frequency effects of OME are examined along with the effects of recurrent as 
opposed to more continuous OME and the effects of treatment with ventilation 
tubes. It is hypothesized that early OME will negatively affect later language 
ability and that surgical treatment will have an effect. The effects of OME will 
increase with its frequency and recurrent OME is expected to affect the children's 
language ability more negatively than continuous OME. 
Chapter 2 has been published in the journal of Speech and Hearing Research in 1993 
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In Chapter 32, the effects of preschool OME on educational attainment at the 
age of seven are examined. In this chapter long-lasting, bilateral OME between the 
ages of two and four years is related to educational attainment at the age of seven. 
Again, the frequency effects of OME are examined along with the effects of 
recurrent versus more continuous OME and the effects of treatment with ven-
tilation tubes. It is hypothesized that early OME will negatively affect later 
educational attainment and that surgical treatment will have a positive effect. 
The effects of OME will increase with its frequency, and recurrent OME is ex-
pected to affect educational attainment more negatively than continuous OME. 
In Chapter 43, the relation between early OME and judged (as opposed to 
tested) language ability is examined. In this chapter, long-lasting, bilateral OME 
between the ages of two and four years was related to evaluated language ability at 
seven years of age. Parents and teachers were asked to answer a questionnaire 
concerning the use of language by the relevant children at the age of seven years. 
The effects of OME on evaluated language behaviour are examined along with 
the frequency effects of OME, the effects of recurrent versus continuous OME, and 
the effects of treatment with ventilation tubes. It is hypothesized that early OME 
will negatively affect later language ability and that treatment effects will be 
found. The effects of OME are expected to increase with its frequency, and 
recurrent OME is expected to affect the children's evaluated language ability more 
negatively than continuous OME. 
In Chapter 54, the effects of OME in combination with a number of specific risk 
factors and an increasing number of risk factors are investigated. The aim of this 
study is to examine whether the effect of OME increases when it is combined with 
another risk factor and whether OME has a larger effect in the case of an increased 
number of risk factors. Several factors have been suggested to produce a lower 
level of language ability and educational attainment in general and in com-
bination with OME in particular. Male sex, low socio-economic status, low intelli-
gence, preterm birth and low birthweight, and children with a first language 
other than Dutch were considered risk factors in the present study. 
Although this thesis was focused on the effects of OME between two and four 
years, documentation of OME based on medical records or parental report was 
also available for the period before the age of two years, and the period after the 
age of four years. This then allowed us to examine the effects of OME occurring in 
Chapter 3 has been published in the journal of Learning Disabilities in 1994 
Chapter 4 is an integral, translated version of an article that has been published in the Dutch journal 'Stem-, 
Spraak- en Taalpathologie' [Voice, Speech and Language Pathology) in 1995 
A condensed version of chapter 5 will be published in Developmental Medicine and Child Neurology in 1996 
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different periods. In Chapter 65 the effects of childhood OME on language, reading 
and spelling at the age of seven are examined with respect to the OME history in 
four age intervals: up to two years, between two and four years, between four to 
seven years, and at seven years. The effects of treatment with ventilation tubes in 
the age intervals are also studied. It is suggested that OME at an age younger than 
two years, when the basis for phonological development has been laid (Eimas & 
Clarkson, 1986), could have a particularly detrimental effect on later language 
development and, as a consequence, educational attainment. OME at a later age 
(at the time of learning to read and write) may possibly interfere with the 
acquisition of literacy (Silva et al., 1986). In other words, the major question in 
this chapter is whether a critical period exists for the negative effects of OME on 
measured language ability, judged language ability, and educational attainment at 
the age of seven. In this connection, the impact of the frequency of OME and 
surgical treatment are also examined. 
Language skills are assumed to mediate between the hearing loss caused by 
OME and learning to read and spell because the latter 'derived language skills' are 
dependent on language development. The opportunity to analyse this relation is 
taken in Chapter 76, where the results of a correlational study of the relation 
between a number of language and educational variables are reported. In par-
ticular, our ideas with regard to the language and literacy relation are tested using 
the LISREL technique. A model of the relation between language and literacy is 
tested and an alternative model is also presented. 
In Chapter 8 the conclusions of this thesis with regard to the effects of pre-
school OME on later language and educational attainment are discussed as well as 
the implications of the findings for future research and educational practice. 
5
 This chapter will be submitted in this version 
" Chapter 7 is an integral version of an article that has been submitted 
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Chapter 2 
The effects of early bilateral otitis media with effusion on language ability: a 
prospective cohort study* 
Abstract 
The current study, which is a follow-up on the epidemiological Nijmegen Otitis Media Study, 
examines the relationship between early otitis media with effusion (OME) and later language 
ability in a group of children with systematically documented bilateral OME. In the Nijmegen 
Otitis Media Study, children were screened using tympanometry at regular intervals of three 
months, between their second and fourth birthdays. At the age of seven, three groups of children 
participated in language testing· 82 OME-free children, 151 children with early bilateral OME, and 
37 children treated with ventilation tubes at preschool age. A history of OME, even up to nine 
instances, did not have negative consequences for language performance at the age of seven. Inter-
mittent, as opposed to more continuous OME was not found to affect language ability negatively. The 
suggested benefit of treatment with ventilation tubes was not found. 
In a period that is of great importance for language development, many children 
have to deal with a hearing loss that is the result of otitis media with effusion 
(OME: secretory otitis media or glue ear). The term OME refers to the presence of 
fluid in the middle ear space in the absence of unequivocal signs of acute in-
fection (Scheidt & Kavanagh, 1986). As OME is often associated with hearing loss, 
it is also likely to interfere with the early language development of children 
(Friel-Patti & Finitzo, 1990; Fnel-Patti, Finitzo-Hieber, Conti, & Brown, 1982; 
Pearce, Saunders, Creighton, & Sauve, 1988; Teele, Klein, Rosner, & The Greater 
Boston Otitis Media Study Group, 1984). 
The existence of an association between OME during the first years of life and 
later language ability remains controversial because of conflicting empirical evi-
dence (Silva, Chalmers, & Stewart, 1986; Roberts, Burchinal, Davis, Collier, & 
Henderson, 1991; Teele, Klein, Chase, Menyuk, Rosner, & The Greater Boston 
Otitis Media Study Group, 1990). The purpose of this study is to examine the 
relationship between early OME and later language ability in a group of children 
with systematically documented OME. OME is one of the most common diseases 
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in young children. A Dutch study showed that before entering school, some 80% 
of all children have experienced one or more episodes of OME (Zielhuis, Rach, & 
van den Broek, 1989). In the same study bilateral OME was less common but still 
had a prevalence of about 20% in two-year-old children and 14% in four-year-old 
children (Zielhuis et al., 1989). It generally is assumed that the incidence of OME 
in boys is greater than that in girls (Teele, Klein, & Rosner, 1980), although the 
epidemiological Nijmegen Otitis Media Study (of which the present study is a 
part) showed sex not to be a factor per se in the occurrence of OME (Zielhuis, 
1988). Considerable data show that conductive hearing losses accompany OME, 
although the extent of the loss varies from child to child. Fria, Cantekin, and 
Eichler (1985) found OME to have a substantial effect on hearing acuity; 50% of 
their subjects had a pure tone average poorer than 23 dB hearing level, and 20% 
were poorer than 35 dB hearing level. In the Nijmegen Otitis Media Study the 
average hearing loss at 0.5 to 2 kHz in seven-year-old children with OME was 20 
dB (pure tone testing) (Schilder, Zielhuis, & van den Broek, 1993). 
The detrimental effects of severe hearing loss on language development are 
obvious, but children with milder forms of hearing loss (e.g., those forms asso-
ciated with middle ear disease with effusion and with mild sensorineural hearing 
loss) may also experience greater problems than traditionally suspected (see Bess, 
1985; Blair, Peterson, & Viehweg, 1985; Davis, Elfenbein, Schum, & Bentler, 1986; 
Menyuk, 1986). Therefore, negative effects of OME are likely, given the preva-
lence of OME in the period so crucial for children's language development (see 
Holm & Kunze, 1969; Silva et al., 1986). In addition, research suggests that 
children with preschool language disorders are at a considerable risk for later lan-
guage problems (Aram, Ekelman, & Nation, 1984; Rescorla & Schwartz, 1990). 
Hearing loss is just one of the causes mentioned in relation to disorders of 
language development. The term language disorders is commonly used to refer 
to a heterogeneous group of children whose language behaviour is not like the 
language behaviour of age peers (Lahey, 1988). The population classified as lan-
guage-disordered is heterogeneous in symptoms as well as causes (Bishop & 
Rosenbloom, 1987; Lahey, 1988; Stevenson, 1984). Hypotheses about the cause of 
childhood language disorders focus on problems within the child (deafness, 
blindness, low general intellectual level, auditory processing problems, subtle 
neurological deficits), on problems within the environment (linguistic input, the 
reinforcement of the child's communicative efforts), or occasionally on inter-
actions of the child with the environment (Lahey, 1988). For many children with 
language disorders, however, there is no obvious explanation. Little is known 
about the etiology of these disorders; these children do not seem to have a genetic 
or physical abnormality (Bishop & Rosenbloom, 1987). Information about 
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numbers is limited and quickly outdated A number of studies suggest that 3 to 
8 5% of three-year-olds and approximately 5% of five-year-old children score at 
least two standard deviations below the mean on the tests that were used (Silva, 
1980, Stevenson & Richman, 1976) Follow-up studies suggest that 40 to 75% of 
preschool children diagnosed as having a language disorder continue to have 
learning or communication problems in the school years (Aram, Ekelman, & 
Nation, 1984, Aram & Nation, 1980, Hall & Tomblin, 1978, Lahey, 1988) Hearing 
loss as a consequence of OME could be one of the causes of language disorders 
In most of the studies investigating the relationship between OME and lan-
guage ability, the effects of OME on later language development have not been 
considered That is, often the relation between OME and language ability is exam-
ined only in preschool children (Friel-Patti & Finitzo, 1990, Lehmann, Charron, 
Kummer, & Keith, 1979, Pearce et a l , 1988) There are a few older studies that 
examined the effect of OME on later language development Masters and Marsh 
(1978) found that the general language ability among regular class and learning 
disabled students was similar regardless of the integrity of the middle ear Needle-
man (1977), who investigated phonological ability, concluded that children with 
early intermittent hearing losses often 'catch up' developmentally OME subjects, 
for example, came closer to the performance of the normal subjects as their age 
increased Holm and Kunze (1969) found evidence that children with fluctuating 
hearing thresholds caused by OME may have problems in many areas of lan-
guage In more recent studies in which the relationship between OME and 
language performance in school-age children has been investigated (Roberts et a l , 
1991, Silva et a l , 1986, Teele et a l , 1990), conflicting results also have been found 
Silva et al (1986) concluded that children who experience bilateral OME tend to 
remain disadvantaged developmentally through the mid-childhood years as in-
dicated by language problems, speech articulation problems, reading problems, 
and behaviour problems In contrast, Roberts et al (1991) found no reliable rela-
tionship between early OME experience and receptive and expressive language 
scores and measures of semantic or syntactic competence between the ages 4 5 and 
six years Further studies are needed, therefore, to clarify the effects of OME on 
later language ability 
A factor that obscures any interpretation of the literature is the diversity of the 
procedures used to document OME The procedures vary from a review of the 
child s medical records to simple parental recall of the number of OME episodes 
(Holm & Kunze, 1969, Lehmann et a l , 1979, Paradise, 1981, Pearce et a l , 1988, 
Ventry, 1980) Documentation of OME that relies on parental recall is most likely 
subject to error Some parents may be better at identifying and recalling such 
episodes than others Studies based on medical records also may vary widely, as 
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the relevant information may have been collected by different medical examiners 
using different OME documentation procedures and different examination sched-
ules More recent studies tend to avoid these problems as subjects are screened for 
OME according to planned procedures across a number of years (Fnel-Path & Fi-
nitzo, 1990, Pearce et al , 1988, Roberts et al , 1991, Teele et al , 1984) 
The current study, which is a follow-up on the epidemiological Nijmegen 
Otitis Media Study (Zielhuis et a l , 1989), examines the relationship between early 
OME and later language ability m a group of children with systematically docu-
mented OME histories In this study, children were screened for OME using 
tympanometry on nine occasions between their second and fourth birthdays 
Tympanometry is an easy and reliable method to demonstrate the presence of 
fluid in the middle ear In the Nijmegen Otitis Media Study, the language ability 
of 52 three-year-old children with a known history of bilateral OME and 13 
children of the same age without OME was measured using a Dutch version of 
the Reynell Developmental Language Scales-Revised (Reynell, 1977) The ex-
pressive language scores of the preschool children who had had OME were sig-
nificantly lower than the standardized age norm, with the effect being larger 
when OME had lasted for a longer period (Rach, Zielhuis, & van den Broek, 
1988) The scores of the language tests in the control group corresponded to the 
standardized age norm for expressive language ability as well as verbal compre-
hension 
At the age of seven all children in the Nijmegen Otitis Media Study were asked to 
participate in an otological and audiological follow-up study A number of them 
also participated in language testing Children with a positive history of OME 
between two and four years of age were then compared in language ability to 
children who had not suffered from OME during that period Some of the 
children with a positive OME history had also been treated with ventilation tubes 
during that period Treatment with ventilation tubes is the surgical intervention 
most practiced for OME and is effective m restoring the hearing level, it does not, 
however, affect the basic disease Using tests for various aspects of language 
competence, we examined, first, the effects of early bilateral OME measured 
between two and four years of age on the language ability of children at the age of 
seven Second, we examined the effects of treatment with ventilation tubes In 
addition, a possible association between the number of observations of OME and 
language ability was examined, along with the question of whether intermittent 
OME does have more detrimental effects than continuous OME 
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Method 
Subjects 
In the epidemiological Nijmegen Otitis Media Study, a cohort of children born 
between September 1982 and September 1983 in the municipality of Nijmegen (a 
mid-sized town of 145,000 inhabitants in The Netherlands) was followed from 
the second to the fourth year of life. Every three months, tympanometric meas­
urements were performed. The tympanometric measurements were classified 
into four types using the criteria developed by Jerger (1970). Type A indicates 
normal compliance of the tympanic membrane. Type Ci and C2 indicate various 
degrees of negative middle ear pressure and reduced compliance of the tympanic 
membrane. A type В tympanogram (i.e., a flat tympanogram) was considered 
indicative of OME. 
In the present study, 1160 children from the original study were invited at the 
age of seven to participate in a follow-up between September 1990 and February 
1991. Some children of the original cohort were not invited because their parents 
earlier had refused to participate in further study. Children who had moved to 
another region were also excluded from the follow-up. A total of 946 children was 
examined otologically and audiologically, and a group of 395 children was 
selected for language testing. Of this group, 305 agreed to take part in this study. 
The OME data gathered between two and four years of age were used to select 
subjects. A group of OME-free children (и = 82) was selected from among the 
children with almost exclusively type A or type Ci tympanograms; these children 
were allowed to have had a type C2 or type В tympanogram at one time or an­
other in one ear, but no more than that. The OME group (n = 151) consisted of 
children with a bilateral type В tympanogram on two or more occasions of which 
at least two occasions were consecutive. They were not treated with ventilation 
tubes at preschool age. At an earlier stage the criterion of two consecutive occa­
sions was chosen because of the demands of a subproject on treatment effects in 
children with frequent OME. In the Netherlands, children with bilateral OME are 
usually treated with ventilation tubes when middle ear effusion is still present 
after an observation period of three months (see Zielhuis et al., 1989). If the 
criterion of consecutiveness were dropped, only eleven more children of the 
original cohort would have been selected for the OME group. The OME-VT 
(ventilation tubes) group (n = 37) consisted of those children with bilateral type В 
tympanograms on two or more occasions (of which two or more had been con­
secutive) who had been treated with ventilation tubes between the age of two and 
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four. The data from 35 children with a first language other than Dutch were 
excluded, which resulted in a total of 270 subjects. 
Materials 
In the literature on children's language development, different aspects of lan-
guage ability can be distinguished (Bachman, Vanniarajan, & Lynch, 1988; Carroll, 
1968; van Bon, 1992). In the present study, language tests tapping diverse abilities 
were selected for use. Two subtests from the Language Tests for Children ('Taal-
tests voor Kinderen'; van Bon, 1982) were used to establish the children's general 
language ability. The morphological Word Forms Production test was used 
because this is a good indicator of a general language factor (van Bon, 1992) and 
because morphological competence has been demonstrated to be sensitive for 
abnormal language development (Johnston & Shery, 1976; Morehead & Ingram, 
1973; Vogel, 1983; Wiig, Semel, & Crouse, 1973). The Word Forms Production test 
concerns knowledge of irregular word forms, whereas the Concealed Meanings 
test, which is receptive in nature, concerns the child's understanding of the non 
explicit content of sentences. The Word Forms Production test and the Concealed 
Meanings test have also been shown to load on different factors (van Bon, 1984). 
There is evidence that children with hearing impairments have problems in 
recognizing the non explicit information in text (Quigley & Paul, 1989) of which 
the Concealed Meanings test is supposed to provide a measure. 
Each of the 35 items on the Word Forms Production test consisted of two sen-
tences. A simple form of the relevant word was used in the first sentence, while 
the experimenter pointed at a picture. In the second, open-ended sentence, the 
inflected form of the same word had to be provided by the subject while the 
experimenter pointed at a second picture. For example, "Hier zie je één stad. Hier 
zie je twee ..." (Here you see one city. Here you see two . . .). The correct answer to 
this item was the irregular plural steden. In order to avoid ceiling scores, the 
items mainly concerned irregular and strong word forms. Inflected forms elicited 
were past participles, diminutives, plurals, comparatives, and superlatives. The 
total number of correct answers was then counted. 
In the Concealed Meanings test the child had to match one of two pictures to a 
sentence that presupposed or implied certain information. The sentence "Moeder 
zit ook op de fiets" (Mother is riding a bicycle too) implies that others are riding a 
bicycle as well and that the picture showing several people riding a bike with one 
of them being a woman must therefore be chosen. Some items required recog-
nition of the truth of the object clause in case of factive verbs, for example, "De 
man ziet niet dat de vaas valt" (The man does not see that the vase is falling). 
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Other items concerned the truth value of a 'counterfactual' construction like "Als 
de man had opgelet, was hij niet tegen de boom gereden" (If the man had paid 
attention, he would not have run into the tree). A last group of items tested the 
understanding of the implications of a variety of words, such as the spatial rela-
tion between speaker and listener implied by "kom" (come) in: "Annie zegt tegen 
haar hond: kom maar binnen" (Annie says to her dog: do come in), or the present 
state implied by "nog niet" (not yet) in "De emmer is nog niet vol" (The bucket is 
not yet full). This test consists of 33 items, and the total number of correct choices 
was counted. 
Three tests of phonological ability were selected because phonological ability is 
assumed to be highly susceptible to the effects of the hearing loss associated with 
OME, and phonological ability appears to play a crucial role in learning to read 
and write (Stanovich, 1986). Tests for phonemic segmentation, sound blending, 
and auditory discrimination were used. The former two allegedly test phonemic 
awareness (Stanovich, Cunningham, & Cramer, 1984; Yopp, 1988), which has 
been shown to determine the child's success in early reading and spelling (Lund-
berg, Frost, & Petersen, 1988; Vellutino & Scanlon, 1987). Furthermore, meta-
linguistic skills are not well developed in language disordered children (Lahey, 
1988). Phoneme awareness has been extensively investigated in phonologically 
disordered children. On various tasks, phonologically disordered children per-
form less well than normal children (Magnusson, 1991). Kamhi, Lee, and Nelson 
(1985) found that children with specific language impairment do have more 
difficulty segmenting words, syllables, and phonemes than age- or language-
matched peers. The Auditory Discrimination test was used to document speech 
perception acuity. 
The three tests in the area of phonological ability used real words and pseudo-
words. A pseudoword might have been a real word, given its orthographical 
structure, but does not actually exist, and pseudowords are assumed to allow us to 
examine the effect of lexical knowledge on word recognition (Bryant & Bradley, 
1980). 
In the Phonemic Segmentation test the children had to divide spoken words 
into their constituent phonemes, and in the Sound Blending test the children 
were asked to blend separate phonemes into a whole word. Both tests consisted of 
30 items: 15 monosyllabic real words and 15 monosyllabic pseudowords. About 
half of the real words were found in a high frequency word list (Staphorsius, 
Krom, & de Geus, 1988), whereas the other half came from a list in which words 
were grouped according to their structure (Bakker, 1971). Words that the children 
in the sample could be expected to recognize were selected for use. The seg-
mentation test consisted of ccvcc (3), cvccc (3), cccvc (3), ccvccc (3), cvcccc (2), and 
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cccvccc (1) words. The Sound Blending test consisted of ccvcc (3), cvccc (3), cccvc 
(3), ccvccc (3), and cccvccc (3) structure words. The pseudowords were created by 
changing the vowels of the real words, preferably with a vowel of the same 
category, which kept the phonemic material of the pseudowords highly similar to 
that of the real words. Again the number of correct answers was counted. 
The Auditory Discrimination test was constructed after Wepman's test (1973). 
Children were asked to judge whether or not two monosyllabic spoken words 
were equivalent. Unequal pairs were made up of minimally contrasting words 
like bed (bed) and pet (cap). The test consisted of 18 pairs of real words and 18 pairs 
of pseudowords. To each series, five identical pairs of words were added. Ten of 
the real-word pairs were selected from a subtest of the Language Tests for 
Children (van Bon, 1984), and the eight new pairs were constructed using the 
same basic principles. Pseudowords were created by changing the non target pho-
nemes of real words with other phonemes of the same class, (e.g., a short vowel); 
the real-word pair 'tam-tang' (tame-tongs) was converted to the pseudoword pair 
'tum-tung'. The items were recorded on tape by a speech-language pathologist, 
and the number of correct judgements (equal, unequal) was counted. 
The Coloured Progressive Matrices (Raven, 1965; van Bon, 1986) was used to 
test non-verbal intelligence. 
Procedure 
The examinations took place between September 1990 and February 1991 at the 
Department of Otorhinolaryngology of the Nijmegen University Hospital. The 
date of birth of the children determined the sequence of testing. The children 
were tested individually, and the tests were administered in the same order for 
all children. The experimenters (who had completed a masters degree in special 
education) were unaware of the OME history of the children. 
Words and pseudowords were presented in blocks but systematically alter-
nated across the children; half of the children received the block of real words for 
a particular task first, whereas the other half received the pseudowords first. 
Analyses 
Two main questions will be discussed consecutively. Does early (between two and 
four years of age) bilateral OME have negative effects on later language ability? 
Can (positive) effects of treatment with ventilation tubes on language ability be 
established? For statistical reasons, the data were combined in analyses of vari-
ance to compare OME subjects with control subjects and OME subjects with OME-
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VT subjects. By doing this the within-groups error was pooled, which resulted in 
a high number of degrees of freedom and consequently more power. 
Results 
In Table 1 the total number and characteristics of the control, OME, and OME-VT 
subjects are presented. 
Table 1 Number and characteristics (SD in parentheses) of control, OME, and OME-VT subjects 
Measure 
Sex 
Grade 
boys 
girls 
3 
4 
5 
special education 
Age (means in months) 
CPM (means of raw scores; max : = 36) 
controls 
(я = 82) 
33 
49 
6 
67 
9 
0 
92.94 (2.01) 
25.02 (4.62) 
(« 
OME 
= 151) 
80 
71 
13 
122 
14 
2 
92.97 (2.00) 
25.26 (4.07) 
OME-VT 
(" = 37) 
23 
14 
2 
31 
3 
1 
92.76 (1.90) 
23.35 (4.42) 
Note: Abbreviations: see the list of abbreviations on page IX. 
There were no differences between the OME subjects and the control subjects in 
the distribution of age (t (231) = .13, ρ = .90), intelligence (f (231) = .40, ρ = .69), sex 
(χ2 (1, η = 233) = 3.45, ρ = .06), or grade level (χ2 (3, η = 233) = 1.36, ρ = .72). There 
were also no differences in the educational levels of the mothers (χ 2 (2, η = 215) = 
5.57, ρ = .06) and the fathers (χ2 (3, η = 203) = 3.95, ρ = .14). 
There were no differences between the OME and OME-VT subjects in sex (χ2 
(1, η = 188) = 1.01, ρ = .31), age (f (186) = .60, ρ = .55), and grade level (χ2 (3, η = 188) 
= .81, ρ = .84). However, the OME-VT subjects were found to be of lower intelli­
gence than the OME subjects (f (186) = 2.51, ρ = .01), whereas the educational level 
of their mothers and fathers was found to be higher than that for the OME sub­
jects (resp. χ 2 (2, η = 175) = 9.36, ρ < .01); χ 2 (2, η = 169) = 7.38). A multiple re­
gression was then performed to determine the contribution of these differences to 
the test scores for the two groups. Only intelligence appeared to explain a sub­
stantial amount of the variance in the dependent variables (and correlated about 
.40 with the dependent variables). Re-analysis of the data with intelligence as a 
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covariate, however, did not change the outcomes of the statistical comparisons 
for the OME versus the OME-VT subjects, so the analyses for these groups were 
performed without a covariate 
In Table 2, the means and standard deviations for the control, OME, and OME-
VT subjects on the dependent variables are presented 
Table 2 Mean raw scores and proportions (SD in parentheses) for Language ability of control, 
OME, and OME-VT subjects 
Tests max controls OME OME-VT 
(n = 82) (η = 151) (и = 37) 
WFP 
CM 
PS real words 
PS pseudowords 
SB real words 
SB pseudowords 
AD unequal pairs rw 
AD unequal pairs pw 
AD equal pairs rw 
AD equal pairs pw 
35 
33 
30 
30 
30 
30 
18 
18 
5 
5 
26 49 
23 94 
77 
72 
84 
72 
91 
85 
92 
91 
(4 59) 
(5 17) 
(20) 
(20) 
(18) 
(24) 
(09) 
(09) 
(14) 
(19) 
26 05 
2413 
73 
71 
80 
68 
89 
84 
91 
89 
(4 74) 
(5 07) 
(21) 
(21) 
(23) 
(24) 
( П ) 
(12) 
(13) 
(19) 
26 05 
22 78 
72 
67 
81 
65 
84 
83 
94 
90 
(4 73) 
(5 43) 
(21) 
(23) 
(24) 
(24) 
(13) 
( П ) 
(12) 
(19) 
Note Abbreviations see the list of abbreviations on page IX 
The influence of early (between two and four years of age) bilateral OME on 
language ability was tested using several MANOVAs with OME as a between-sub-
jects factor There were no differences between the OME and the control subjects 
on the Word Forms Production test and the Concealed Meanings test (F < 1) 
Children with an OME history did not appear to differ from the control subjects 
on these general tests of language ability at age seven A multivariate analysis of 
variance with the Phonemic Segmentation test and the Sound Blending test as 
dependent variables, OME as a between-subjects factor, and word type (real vs 
pseudo) as a within-subjects factor showed no effect of OME (F < 1) The inter­
action between OME and word type was also non significant (F (2, 266) = 1 66, ρ = 
19) As expected, there was a significant mam effect of word type (F (2, 266) = 
85 32, ρ < 001), with pseudowords being more difficult than real words A multi­
variate analysis with Auditory Discrimination of unequal pairs and Auditory 
Discrimination of equal pairs as dependent variables, OME as a between-subjects 
factor, and word type (real vs pseudo) as a within-subjects factor showed no 
significant effect of OME (F (2, 265) = 119, ρ = 31) The interaction between OME 
and word type proved to be non significant (F < 1), whereas a significant effect of 
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word type was again observed (F (2, 265) = 15.70, ρ < .001), with pseudowords 
being more difficult to discriminate than real words. 
The effects of the treatment of otitis media with ventilation tubes was exam­
ined using several MANOVAs with treatment as the between-subjects factor. The 
performances of the OME and OME-VT subjects on the Word Forms Production 
test and the Concealed Meanings test did not differ significantly (F (2, 266) = 1.29, ρ 
= 27) A multivariate analysis with treatment as the between-subjects factor, word 
type (real vs. pseudo) as a within-subjects factor, and the Phonemic Segmentation 
test and Sound Blending test as dependent variables showed no effect of treat­
ment (F < 1). The interaction of treatment and word type also proved to be non 
significant (F (2, 266) = 2 01, ρ = .14) A multivariate analysis with the same in­
dependent variables and Auditory Discrimination of unequal pairs and Auditory 
Discrimination of equal pairs as dependent variables showed no effect of treat­
ment (F (2, 265) = 1.90, ρ = .15) The interaction of treatment and word type also 
proved to be non significant (F (2, 265) = 1.89, ρ = .15). In sum, treatment with 
ventilation tubes was not found to influence subject performance on any of the 
tests analysed here 
The OME group was defined to consist of subjects with bilateral В tympano-
grams on at least two consecutive occasions. It is possible, however, that this 
definition of OME was not specific enough OME data from nine different occa­
sions were available, so it was also possible to investigate whether a higher fre­
quency of OME might affect language ability. A frequency score for each subject 
was determined, and the total number of subjects with each frequency (varying 
between two and nine) is presented in Table 3. Due to the small number of sub­
jects with seven or more observations of OME, these categories were collapsed for 
analysis. It was assumed that the higher the frequency of OME (i.e., the more 
often the child had suffered from OME), the larger the negative effect on the 
language tests would be 
Trend analyses were done to investigate the effect of an increasing incidence of 
OME on language ability. As can be seen in Figures 1, 2, and 3, no linear or 
quadratic trends were observed for any of the dependent variables: the Word 
Forms Production and the Concealed Meanings tests (linear trend: F (2, 144) = 
1.39, ρ = .25; quadratic trend: F < 1); the Phonemic Segmentation and Sound 
Blending tests (F < 1 for the linear and quadratic trend); the Auditory Discrimi­
nation test (linear trend F < 1, quadratic trend: F (4, 141) = 1.00, ρ = .41). An 
increased number of bilateral В tympanograms between the ages of two and four 
did not appear to affect language ability detrimentally. 
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Table 3 Number of subjects with different frequencies of OME 
Frequency OME 
(π = 148) 
2 
3 
4 
5 
6 
7,8,9 
25 
38 
30 
26 
17 
12 
3 0 -
28 -
mean 26 
raw 
scores 
24 
22 Η 
20 
- H
— Word Forms Production 
""• Concealed Meanings 
4 5 
OME frequencies 
7,8,9 
Figure 1 Mean number of correct алэ егэ for different numbers of observations of OME for the 
Word Forms Production test and the Concealed Meanings test 
In previous research (see Howie, 1980; Menyuk, 1986) it was suggested that 
children who suffer from intermittent OME are at a greater risk for delayed lan­
guage development than children with more continuous OME. This is assumed 
to be because of the unstable auditory input in the case of intermittent OME 
(Needleman, 1977). In order to test for such an effect, the subjects with four, five, 
or six incidences of OME were divided into an 'intermittent' and a 'continuous' 
group. The lower and higher frequencies of OME were not considered because the 
intermittent/continuous distinction is almost impossible to make in such cases. 
For reasons explained earlier, the OME group consisted of all children with a 
bilateral type В tympanogram on two or more occasions, of which at least two 
were consecutive. As a consequence of this selection criterion, every OME subject, 
and thus every subject in the 'intermittent' and 'continuous' group, did show В 
tympanograms on two consecutive occasions. Subjects were defined as having 
'intermittent' OME as opposed to 'continuous' OME if the four to six observa­
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tions were distributed across three or four episodes of OME. The 'continuous' 
group consisted of children whose В tympanograms were distributed over one or 
two continuous series. The children in the OME-free group were added as con­
trols. 
1.0 η 
0 9 
mean 
proportion 
correct 
08 
07 
0 6 
Phonemic Segmentation real words 
Phonemic Segmentation pseudowords 
Sound Blending real words 
Sound Blending pseudowords 
3 4 5 
OME frequencies 
7,8,9 
Figure 2 Mean proportion of correct answers for different numbers of observations of OME for the 
Phonemic Segmentation test and the Sound Blending test 
1 0 η 
0.9-
mean 
proportion 
correct 
0 8 · 
07 
0 6 
4 5 
OME frequencies 
AD unequal pairs real words 
AD unequal pairs pseudowords 
AD equal pairs real words 
AD equal pairs pseudowords 
7,8,9 
Figure 3 Mean proportion of correct answers for different numbers of observations of OME for the 
Auditory Discrimination test (AD) of unequal pairs and of equal pairs 
Multivariate analyses showed the scores of the control group and the 'inter­
mittent' group to not differ on any of the tests: No differences were observed for 
the Word Forms Production test and the Concealed Meanings test (F < 1); for the 
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Segmentation and the Sound Blending tasks (F < 1), or for the discrimination 
task (F (2, 151) = 2 30, ρ = 10) In comparing the intermittent' and the 'continu­
ous' groups (see Table 4), again no differences were found none for the Word 
Forms Production and Concealed Meanings tests (F (2, 151) = 1 30, ρ = 28), none 
for the Segmentation and Sound Blending tasks (F < 1), and none for the dis­
crimination task (F (2,151) = 2 22, ρ = 11) An intermittent course of OME did not 
appear to have a more detrimental effect on language ability than a more con­
tinuous course 
Table 4 Mean raw scores and proportions (SD in parentheses) on language tests for control, 
intermittent OME, and continuous OME subjects 
Tests max controls intermittent continuous 
(n = 82) (и = 40) (η = 33) 
WI-P 
CM 
PS real words 
PS pseudowords 
SB real words 
SB pseudowords 
AD unequal pairs rw 
AD unequal pairs pw 
AD equal pairs rw 
AD equal pairs pw 
35 
33 
30 
30 
30 
30 
18 
18 
5 
5 
26 49 
23 94 
77 
72 
84 
71 
91 
85 
93 
91 
(4 59) 
(5 17) 
(20) 
(20) 
(18) 
(24) 
(09) 
(09) 
(14) 
(19) 
26 85 
24 60 
75 
70 
78 
68 
89 
87 
89 
84 
(4 14) 
(5 23) 
(22) 
(23) 
(25) 
(24) 
(09) 
(10) 
(14) 
(23) 
25 09 
23 91 
72 
71 
81 
67 
88 
81 
91 
90 
(5 31) 
(4 50) 
(24) 
(22) 
(25) 
(27) 
(11) 
(15) 
( И ) 
(18) 
Note Abbreviations see the list of abbreviations on page IX 
Discussion 
The results of this study indicate that a history of OME between two and four 
years of age did not have negative consequences for language performance at 
seven years of age Different linguistic abilities were investigated, but OME did 
not appear to affect later morphological, semantic, or phonological abilities Even 
with high frequencies of OME, performance appeared not to be affected Inter­
mittent, as opposed to more continuous, OME also was not found to affect lan­
guage ability negatively In addition, the suggested benefit of treatment with 
ventilation tubes was not found in this study, given the fact that OME did not 
affect language ability, however, no effect of treatment could reasonably be 
expected 
This study challenges the hypothesized association between early OME and 
later delayed language development Our findings are consistent with the find-
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ings from the prospective study of Roberts et al. (1991) and contrast with the 
finding from Feagans, Sanyal, Henderson, Collier, and Appelbaum (1987) and 
Teele et al. (1990). Feagans et al. (1987) examined narrative skills and attention in 
a prospective study of 44 children at risk for developmental delays. Otological 
examinations were performed when signs of illness were observed by day care 
personnel or parents. Otitis media appeared to be a significant predictor of nar­
rative skills, but not of other language measures. The difference with the present 
findings may lie in the aspects of language tested, but also in the way otitis media 
was assessed. Unlike the present study, Feagans et al. (1987) relied on signs of 
illness before otitis media examinations took place. As otitis media is not always 
accompanied by extraneous signs, otitis media may have been selectively 
diagnosed. Teele et al. (1990) studied 207 children to determine the association 
between estimated time spent with middle ear effusion and cognitive ability, 
speech and language, and school performance at age seven years. Middle ear 
disease during the first three years was significantly associated with scores on 
these measures. The interpretation of the Teele et al. (1990) results is obscured by 
the fact that the otological examinations took place when the children, for 
whatever reason, visited the pediatrician. It is possible that bouts of middle ear 
effusion were more likely to be detected in children who for other reasons than 
middle ear effusion visited the pediatrician than in children who were healthy. 
As a consequence, children who were often diagnosed as having middle ear effu­
sion may have had other adverse conditions that explain their lower language 
ability. 
One explanation for the lack of a relationship between OME and later language 
measures may be the presence of speech-language intervention. Perhaps the 
children with early OME received speech-language intervention, whereas the 
control children did not (or more interventions than the other groups) and any 
language delay was therefore remediated. When asked in a questionnaire 
whether their child had received speech-language intervention, however, 
parents did not report children with OME to have had more speech-language 
intervention than the control subjects (χ 2 (1, η = 233) = .25, ρ = .62). On the 
average, children in both groups received an equal amount of speech-language 
intervention. 
The number of boys and girls in each group did not differ significantly in this 
study (p = .06), but the distribution was nevertheless unbalanced. The analyses 
described above were therefore repeated with gender as an additional between-
subjects factor. In none of these analyses, however, was the interaction between 
OME and gender, or the main effect of gender found to be significant. 
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In summary, the results of the present study suggest that there is no relation-
ship between the early occurrence of OME and later language ability The effects of 
OME on preschool language ability found by Rach et al (1988) appear to have 
disappeared by the time the children reach the age of seven These findings, how-
ever, may be the result of use of different language tests used at age three and age 
seven 
The results of the present study do have some theoretical and practical con-
sequences It should be borne in mind, however, that it is possible that existing 
differences possibly were missed by the language tests chosen We tried to cover a 
broad range of language ability, but because of time limits a selection had to be 
made Theoretically, one could conclude that OME does not affect language 
ability, even when it occurs in a period that is supposed to be important for lan-
guage development In the literature, the issue of a 'critical period' is an 
important one (Colombo, 1982, Feldman & Gelman, 1986, Lenneberg, 1967, Snow, 
1987) The results of this study suggest that up to nine instances of OME between 
two and four years of age do not interfere with later language progress and 
support the presence of developmental resiliency Possibly the period between 
two and four years is not as sensitive as has been suggested, or it could be that this 
period is in fact a sensitive one, but the degree of hearing loss is too limited Data 
about the hearing loss of the subjects between two and four years are not avail-
able, however It also may be that the period in which OME was measured is too 
limited Perhaps the period between birth and two years of age is more relevant 
for later language development, and, therefore, the relation between OME m that 
period and later language development should be examined in future research 
Yet another possibility is that a relation between early OME and later language 
development was not observed because of either a 'catch-up' of the OME group 
(Needleman, 1977) or a ceiling effect for the control children (Bishop & Edmund-
son, 1987, Scarborough & Dobnch, 1990) In the latter case, the normal-language 
children reach an asymptote, which gives the language-impaired children in 
some sense a chance to catch up Finally, it is possible that children with early 
OME do not show oral language problems at a later age but do have problems 
learning to read and write In longitudinal studies, for example, it has been 
shown that children with early language problems frequently go on to have diffi-
culties learning to read and write (Aram & Nation, 1980) Peters, Gnevink, van 
Bon, and Schilder (1994), however, in a study that is also a part of the epidemio-
logical Nijmegen Otitis Media Study, found early OME to have only a very small 
effect on later spelling and writing ability, and no effect on children's later read-
ing ability 
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Practically, the results of this study suggest that parents and teachers need not 
be overly concerned about the effects of OME on later language development. 
Large-scale efforts need not be made to overcome short-term effects of OME. This 
conclusion, however, should be taken with caution. Only a limited number of 
aspects of language competence were studied. Using a larger variety of language 
tests would perhaps uncover important effects of OME. Furthermore, the results 
presented reflect the averages in a large population and do not preclude ill-effects 
at an individual level. The possibility remains that in individual cases the con-
currence of other risk factors with OME might produce negative effects on lan-
guage ability. Further study is needed to determine if there are circumstances in 
which OME is a decisive factor in bringing about language disorders. 
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The effects of early bilateral otitis media with effusion on educational attainment: 
a prospective cohort study* 
Abstract 
The relationship between long-lasting, bilateral otitis media with effusion (OME) between the 
ages of two and four and educational attainment, in particular, reading and spelling ability at seven 
years of age, was studied in a prospective cohort study of 946 children. After selection, three groups 
were distinguished: 151 children with long-lasting, bilateral OME at preschool age, 37 preschool 
children treated with ventilation tubes, and 82 children with no history of OME at that age. Early 
bilateral OME was found to affect spelling ability, but not reading ability, at seven years. The 
effects of OME did not appear to increase with the number of observations of OME. Also, recurrent 
hearing loss did not have more detrimental effects than continuous hearing loss. Effects of treatment 
with ventilation tubes were not found. Only the teachers' ratmgs of writing ability indicated a 
slight advantage of treatment with ventilation tubes. In conclusion, the educational consequences of 
early OME appear to be very small. 
Learning disabilities often appear to be associated with early onset, persistent, 
bilateral conductive hearing loss due to otitis media with effusion (OME) (Golz, 
1986; Howie, Jensen, Fleming, Peeler, & Meigs, 1979; Lous & Fiellau-Nikolajsen, 
1984; Roberts, Sanyal, Burchinal, Collier, Ramey, & Henderson, 1986; Sak & 
Ruben, 1981; Silva, Chalmers, & Stewart, 1986; Teele, Klein, Chase, Menyuk, 
Rosner, & The Greater Boston Otitis Media Study Group, 1990; Webster, Bamford, 
Thyer, & Ayles, 1989). OME is an inflammation of the middle ear accompanied by 
accumulation of liquid in the middle-ear cleft, without the signs and symptoms 
of acute infection (Senturia, Bluestone, Klein, Lim, & Paradise, 1980), and it 
causes mild or moderate losses of hearing sensitivity in the speech frequency 
range (Friel-Patti & Finitzo, 1990; Paradise, 1981). The duration of OME varies 
widely, from a few weeks to many months. Up to the age of four, 80% of all 
children experience more or less serious OME (Zielhuis, Rach, & van den Broek, 
1989). Persistent bilateral OME is relatively uncommon. 
The hearing loss due to early OME is assumed to bring about speech and 
language problems, especially if it occurs during language acquisition (Friel-Patti, 
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1990; Howie et al., 1979; Roberts, Burchinal, Davis, Collier, & Henderson, 1991; 
Teele, Klein, Rosner, & The Greater Boston Otitis Media Study Group, 1984). 
Because learning to read and spell are dependent on language development 
(Frith, 1980; Perfetti, 1985), the reading and spelling problems of some children 
can have their origin in linguistic problems caused by early hearing loss (Blue-
stone, Klein, Paradise, Eichenwald, Bess, & Downs, 1983; Teele et al., 1984). Al-
though the effects of early severe hearing loss on educational attainment are well 
documented (Gordon, 1986), there is considerable controversy over the possible 
effects of the mild and moderate hearing losses caused by early OME. 
Several studies suggest a relationship between OME and educational achieve-
ment (Bennett, Ruuska, & Sherman, 1980; Davis, Elfenbein, Schum, & Bentler, 
1986; Golz, 1986; Howie et al., 1979; Masters & Marsh, 1978; Sak & Ruben, 1981; 
Silva et al., 1986; Teele et al., 1990). A number of these are retrospective studies in 
which children with learning disabilities are compared to non disabled children 
with respect to their OME histories (Bennett et al., 1980; Masters & Marsh, 1978). 
The children with learning disabilities appear to have had middle-ear pathology 
more frequently than the control children. However, the retrospective methodol-
ogy of these studies has been criticized (Lous & Fiellau-Nikolajsen, 1984; Roland 
et al., 1989; Roberts et al., 1991). 
Prospective studies also suggest a relation between OME and educational 
achievement. Silva et al. (1986) followed a set of children with bilateral OME and 
a set of control children between the ages of five and eleven. Differences in verbal 
comprehension, verbal expression, speech articulation, and reading were found, 
whereas no difference in intelligence was observed. Teele et al. (1990) found an 
effect of very early OME on cognitive ability, speech and language, and school 
achievement at seven years of age. Duration of the OME beyond the age of three, 
however, was not a significant predictor of language development or school 
achievement. In another prospective study (Lous & Fiellau-Nikolajsen, 1984; 
Lous, Fiellau-Nikolajsen, & Jeppesen, 1988), children with otitis media were fol-
lowed from their third to their ninth years of life. Neither differences in school 
class level nor differences in reading achievement were observed. 
The prospective studies have several shortcomings. Some studies (Lous et al., 
1988; Teele et al., 1990) do not distinguish between unilateral and bilateral OME, 
but it is unlikely that unilateral OME has the same consequences as bilateral OME 
(Bamford & Saunders, 1991). Furthermore, intervention with ventilation tubes is 
imperfectly controlled in these studies, which means that in some cases the ef-
fects of OME may be masked (Lous et al., 1988; Silva et al , 1986; Teele et al., 1990). 
Some prospective studies are based on children who were referred to medical 
specialists (Hutton, 1984). Research with a group of unselected children, instead of 
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children selected by ENT or pediatric clinics, would probably lead to different 
conclusions. 
In the following, the results of a longitudinal follow-up study, the Nijmegen 
Otitis Media Study, will be presented. Children with well-documented OME his-
tories were examined at regular intervals between the ages of two and four years. 
Three groups were formed on the basis of the OME histories at preschool age: one 
group with bilateral OME and no treatment with ventilation tubes, one group 
with bilateral OME and treatment, and a control group. The children were then 
tested as to their reading and spelling ability at the age of seven, and information 
about their educational attainment was also obtained from their teachers. 
In this report, the relation between early, long-lasting, bilateral OME and edu-
cational attainment at the age of seven years will be of particular interest. A 
possible association between the number of observations of OME and educational 
attainment will also be examined, along with the question of whether recurrent 
OME has more detrimental effects than continuous OME. A few studies (Men-
yuk, 1980, 1986; Sak & Ruben, 1981) suggest that recurrent hearing loss during the 
early years may more negatively affect speech and language than would a con-
tinuous mild or moderate hearing loss, and these speech and language problems 
may lead to later educational problems. 
The efficacy of treatment with ventilation tubes will also be assessed in this 
study. Ventilation tubes improve the function of the middle ear and restore 
hearing to a normal level. They are also assumed to either prevent or minimize 
language problems, although only a few studies have examined the efficacy of 
ventilation tubes (Paden, Matthies, & Novak, 1989; Rach, Zielhuis, van Baarle, & 
van den Broek, 1991). Paden et al. (1989) studied the recovery of phonological 
delay in a group of children with OME following tube placement and showed 
intervention to be ineffective. Rach et al. (1991) found an insignificant effect of 
treatment with ventilation tubes on language development but also suggested 
that the number of subjects in their study was too small and that a longer follow-
up period might have produced different results. 
In the present study, the effect of OME on both reading and spelling abilities 
was assessed, as both of these depend on a child's linguistic development. Exam-
ination of the effects of OME on spelling achievement is rather exceptional - in 
most longitudinal studies, the effect of OME on reading ability is studied alone 
(e.g., Lous & Fiellau-Nikolajsen, 1984; Silva et al., 1986; Teele et al., 1990). In the 
present study the influence of OME on reading as well as on spelling was studied, 
as they are assumed to be different abilities that, to a certain degree, are unrelated 
(Frith, 1980). Models of reading and spelling processes generally assume the 
existence of lexical as well as phonological strategies (Perfetti, 1985). Lexical stra-
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tegies imply the use of knowledge about the orthographical patterns of the words 
to be read or written. Phonological strategies involve the use of letter-sound 
conversion rules in assembling a word's pronunciation while reading, and the 
application of sound-letter translation rules to a word's speech sounds in order to 
construct its written form. The capacity to read or spell a pseudoword - a letter 
string that, given its orthographical structure, might have been a real word but 
does not actually exist - is assumed to indicate the quality of phonological pro­
cessing. A facilitating effect of real words in reading or writing would suggest the 
use of lexical knowledge. To study the effects of OME on these different linguistic 
strategies, high-frequency real words and pseudowords were used. 
Method 
Subjects 
A birth cohort of 1439 children bom between September 1, 1982, and August 31, 
1983, in the city of Nijmegen (a mid-sized town of 145,000 inhabitants in The Ne­
therlands), formed the basis of this study. Of these children, 1328 were screened 
for OME through quarterly tympanometry between the ages of two and four 
(Zielhuis et al., 1989). Tympanometry is a reliable and valid way of measuring the 
compliance of the eardrum. The tympanometry data were classified into four 
types according to a modified version of the method described by Jerger (1970): 
Type A, Type Ci Type C2, and Type B. Type В tympanograms are generally taken 
as evidence of OME. The children were screened on nine occasions. 
At the time of the school-age follow-up (i.e., when the children were seven to 
eight years old), 131 of the 1328 children had moved to another region, and the 
parents of 37 children had indicated after the preschool screening that they were 
not interested in further participation. The remaining 1160 children were invited 
to participate in the follow-up study between September 1990 and February 1991; 
946 children participated. All 946 underwent otomicroscopy, tympanometry, and 
audiometry. An ENT history was taken of the period between the last preschool 
screening and the present study. Audiological and otological characteristics of the 
total group are described elsewhere (Schilder, Zielhuis, Haggard, & van den 
Broek, 1995; Schilder, Zielhuis, Straatman, & van den Broek, 1993). A smaller 
sample, namely, those children who had had a bilateral Type В tympanogram on 
at least two consecutive occasions between the ages of two and four, was invited 
to take part in the measurement of language, reading, and spelling achievement. 
Those children who never showed a Type В or C2 tympanogram or showed one, 
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at most, once in one ear, were added as a control group. Of the 395 children who 
were asked to participate in the follow-up, 305 (78%) were finally examined, and 
after excluding children who had a first language other than Dutch, 270 children 
remained. Three groups of subjects were then formed: OME subjects without 
treatment at preschool age (OME, η = 151); OME subjects treated with ventilation 
tubes (OME-VT, η = 37); and control subjects without OME (π = 82). Table 1 lists 
some of the characteristics of the three groups. 
Table 1 Number and characteristics (SD in parentheses) of OME, OME-VT and control subjects 
at time of follow-up 
Variable 
Sex boys 
female 
Grade 3 
4 
5 
special education 
Educational level of mother 
low 
middle 
h i g h 
missing 
Educational level of father 
low 
middle 
h i g h 
missing 
Age (in months) 
CPM raw scores 
(« 
92 97 
25 26 
OME 
= 151) 
80 
71 
13 
122 
14 
2 
36 
46 
58 
11 
37 
21 
76 
17 
(2 00) 
(4 07) 
OME-VT 
(» = 37) 
23 
14 
2 
31 
3 
1 
17 
12 
6 
2 
14 
10 
11 
2 
92 76 (1 91) 
23 35 (4 42) 
Controls 
(и 
92 94 
25 02 
i = 82) 
33 
49 
6 
67 
9 
0 
31 
20 
24 
7 
25 
15 
29 
13 
(2 01) 
(4 62) 
Note Abbreviations see the list of abbreviations on page IX 
Materials 
Three reading tests were used to test word-decoding ability and comprehension of 
written sentences. Because the time available for testing was limited, reading tests 
had to be restricted to the word and sentence levels. Tests used were the One-
Minute-Test, the Word Recognition test, and the Sentence Verification test. The 
One-Minute-Test (Brus & Voeten, 1979) is a standardized test that is frequently 
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used to measure decoding ability. It is highly correlated with tests for reading text 
aloud (Mommers, 1987). Words ordered according to difficulty are read aloud as 
fast and as accurately as possible. The number of words read correctly in 1 minute 
constitutes the test score. 
The Word Recognition test (adopted from van den Bosch, 1991) uses real 
words and pseudowords consisting of four orthographical (consonant-vowel) 
structures; 14 eve's, 7 evec's, 7 ceve's, and 14 ccvcc's. All of the words can be read 
correctly by applying simple grapheme-phoneme correspondence rules. An 
Apple-II GS computer with two monitors (one for the subjects and one for the 
experimenter), a voice-key, and a microphone were used to present the words 
and register responses. The real words were all high-frequency words for children 
according to Staphorsius, Krom, and de Geus (1988). They were selected in such a 
way that the three vowel grapheme classes of written Dutch - single-letter 
vowels, homogeneous-vowel digraphs (e.g., aa or oo), and heterogeneous-vowel 
digraphs (e.g., eu or MÍ) - occurred as equally as possible in the words of a par-
ticular orthographic structure; and, taken over all words, the different vowel 
graphemes were used about equally. Furthermore, care was taken that not more 
than two words began or ended with the same single consonant cluster. The 
pseudowords were created by changing the vowel graphemes of the real words to 
others of the same grapheme class. For example, the real words jaar (year) and 
boek (book) were converted to the pseudowords juur and beik, respectively. The 
real words and pseudowords were presented in blocks. The presentation of the 
words within each block was randomized for each subject, and the sequence of 
the blocks was alternated systematically across subjects. At the beginning of each 
block there were five practice trials. Each trial started with a short auditory 
attention signal; at the same time, a fixation point appeared in the centre of the 
screen. Presentation of the word immediately followed. The maximal exposure 
duration of the target was ten seconds. The response latency was determined for 
each trial by measuring the time between the onset of the target stimulus and the 
subject's verbal response. By pushing buttons on the computer keyboard, the 
experimenter indicated whether the stimulus was identified correctly and 
whether the clock was stopped correctly by the subject's verbal response. The 
median response latency for the correct responses to each word structure was 
calculated. 
The Sentence Verification test (van den Bosch, 1991) is a test of sentence com-
prehension. Short sentences consisting of high-frequency monosyllabic words 
were used (see Table 2 for a sample of sentences). There were two types of sen-
tences: 15 semantically correct (e.g., "de lamp is aan" (the lamp is burning)) and 
ten semantically incorrect (e.g., "een kat is een plant" (the cat is a plant)). The 
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child was to indicate whether or not the sentence was correct by pushing the yes 
or no buttons, which were connected to a computer. The sentences were shown 
one by one on the computer screen, in random order for each subject. Exposure 
duration was limited to a maximum of ten seconds. There were five practice 
trials; response latencies and accuracy were registered. 
2 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Sentences used for the Sentence Verification test 
Melk is klem 
De doos eet vis 
Het jaar is van hout 
De lift zakt heel hoog 
Een kat is een plant 
Een sok is fruit 
Een kers is vlees 
De bal heeft een hoek 
Het oor ruikt soep 
De zee vliegt heel hoog 
Gras is groen 
De broek is vies 
De lamp is aan 
De kraan lekt 
De zaag is bot 
De poes heeft een staart 
De mat ligt voor de deur 
In de boom zit een nest 
De tas is van leer 
De ruit is van glas 
De peer is rot 
De kok maakt soep 
De man heeft een snor 
De muis zit in de val 
Een koe geeft melk 
Milk is small 
The box eats fish 
The year is made of wood 
The elevator is descending very high 
A cat is a plant 
A sock is fruit 
A cherry is meat 
The ball has an edge 
The ear smells soup 
The sea is flying high 
Grass is green 
The pants are dirty 
The lamp is burning 
The tap is leaking 
The saw is blunt 
The cat has a tail 
The mat is in front of the door 
In the tree is a nest 
The bag is made of leather 
The pane is made of glass 
The pear is rotten 
The cook is making soup 
The man has a moustache 
The mouse is trapped 
A cow gives milk 
A spelling test consisted of 15 real words and 15 pseudowords. The real words 
were high-frequency words from children's literature (Staphorsius et al., 1988). A 
few additional words were selected from a list of words grouped by structure 
(Bakker, 1971) Pseudowords were created by replacmg the vowel graphemes of 
the real words with others of the same grapheme class. The following structures 
were used: 3 ccvcc's, three cvccc's, 2 cvcccc's, 3 cccvc's, 3 ccvccc's, and 1 cccvccc. 
Words were selected that could be written correctly by applying simple phoneme-
grapheme correspondence rules. Real words and pseudowords were presented 
blockwise The children were presented one of two possible block sequences. For 
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practical reasons, the order of the words within each block was the same for all 
children. The child was requested to repeat each word correctly and then write it. 
When the child repeated the target incorrectly, the experimenter repeated the 
word up to a maximum of three times. 
A grapheme test was administered to study knowledge of simple spelling-
sound correspondence rules. The children were asked to write down ten of the 
most difficult graphemes, which are predominantly digraphs: ch, eu, ou, au, ei, ij, 
b, m, ui, e. The experimenter recited a phoneme and a word with that particular 
phoneme in it. The phonemes were dictated in the same order for all subjects, 
and when a phoneme could be written in two different ways, the child was asked 
to do so. 
Non-verbal intelligence was measured with the Coloured Progressive Ma-
trices (Raven, 1965; van Bon, 1986). 
The children's teachers were asked to answer a questionnaire that contained, 
among other things, seven rating scales about the children's reading, writing, and 
arithmetic abilities. Teachers were instructed to compare the subjects with their 
peers on a 5-point scale that ranged between 1 (much poorer) and 5 (much better). 
The items can be found in Table 3. 
Table 3 Items on Writing, Reading, and Arithmetic for teachers' ratings 
1 The spelling ability of the child is . . . 
2 If the child writes a story, he or she tells the story (the structure of the story, sentence 
structure, word choice) 
3. If the child is reading aloud, his or her readmg speed is . . . 
4 If the child is reading aloud, the naturalness (intonation, melody, etc.) of his or her reading 
is 
5 The child understands what he or she reads 
6 The child understands arithmetic operations (adding up, multiplying) 
7 The child performs (speed and accuracy) arithmetic operations . . . 
8 The child performs arithmetic word problems . 
Note Scale: 1 = much worse, 2 = worse, 3 = average, 4 = better, 5 = much better (than peers). 
Procedure 
The follow-up data were collected between September 1990 and February 1991 at 
the Department of Otorhinolaryngology of the Nijmegen University Hospital. 
The testing order was determined by the subjects' dates of birth. About two weeks 
before the examination date, parents received information about the study and an 
invitation specifying a date and time. 
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The reading and spelling tests were administered by the first two authors, who 
were unaware of the subjects' OME histories. All subjects were tested individ­
ually; all tests were administered in the same order. After the parents gave per­
mission, questionnaires were sent to the children's teachers. 
To ensure that the teachers' responses to the questionnaires were not biased by 
the children's performance on our tests, parents were asked not to discuss the 
assessment with the teachers. 
Analyses 
The two main questions in this study were as follows: Does early bilateral, long-
lasting OME have negative effects on later educational attainment? Does treat­
ment with ventilation tubes facilitate a child's reading and spelling? In analysing 
the comparisons, multivariate analyses of variance were used. The respective 
analyses were combined into one analysis of variance, using special contrasts. 
To study the effects of bilateral, long-lasting OME, the OME subjects were 
compared to the control subjects. To study the effects of treatment, the OME 
subjects were compared to the OME-VT subjects. The within-group errors were 
pooled, producing a greater number of degrees of freedom and, consequently, 
more power. 
Results 
Effects of early bilateral, long-lasting OME 
As revealed by either a %2-test or a t test, there were no significant differences in 
sex, χ
2
 (1, N = 233) = 3.45, ρ = .06; age, t (231) = .13, ρ = .90; intelligence, t (231) = .40, 
ρ = .69; parental education: mother, χ 2 (2, N = 215) = 5.57, ρ - .06, father, χ 2 (2, Ν = 
203) = 3.95, ρ = .14; or grade level, χ 2 (3, Ν = 233) = 1.36, ρ = .72, between the OME 
subjects and the control subjects (see Table 1). 
To test for effects of OME on spelling and reading achievement, analyses of 
variance were done for each test, with OME versus control as a between-subjects 
contrast. Table 4 shows the mean scores on the spelling and reading tests. The 
data from the grapheme test do not show a significant effect of OME, F (1, 267) = 
2.55, ρ = .06, one-tailed. 
In analysing the data from the spelling test, word type (words vs. 
pseudowords) was added as a within-subjects variable. The results show a main 
effect of OME on spelling, F (1, 267) = 3.80, ρ < .05. OME in early childhood was 
associated with lower spelling scores at age seven. As expected, there was a main 
The effects of early bilateral OME on educational attainment: A prospective cohort study 33 
effect of word type, with pseudowords more difficult to spell than real words, F (1, 
267) = 16 89, ρ < 001 
Table 4 Mean percentage correct and mean latency (SD in parentheses) of correct answers by 
OME, OME-VT, and control subjects on Spelling and Reading tests 
Tests 
Grapheme test (percentages) 
Spelling test 
real words (%) 
pseudowords (%) 
Reading 
One-Minute-Test 
Sentence Verification 
correct (milliseconds) 
incorrect sentences 
correct (percentages) 
incorrect sentences 
OME 
(" = 
8 1 3 
641 
60 4 
42 0 
3722 
4513 
85 2 
84 7 
= 151) 
(215) 
(25 1) 
(25 3) 
(19 9) 
(1474) 
(1761) 
(12 9) 
(17 4) 
OME-VT 
(n 
819 
66 8 
63 2 
43 2 
3415 
4265 
89 6 
85 0 
= 37) 
(20 3) 
(22 0) 
(24 0) 
(18 0) 
(1181) 
(1422) 
(8 6) 
(15 0) 
Controls 
(« 
85 6 
70 4 
667 
415 
3581 
4433 
88 4 
861 
= 82) 
(16 2) 
(23 6) 
(23 2) 
(17 5) 
(1264) 
(1651) 
(12 2) 
(15 8) 
Note Abbreviations see the hst of abbreviations on page IX 
No differences were found between the groups on the reading tests The ANOVA 
on the One-Minute-Test data showed no statistically significant effect of OME, F < 
1 A MANOVA on the data from the word-recognition test was carried out, with 
word type (two levels real and pseudowords) and word structure (three levels 
cvc, cvcc/ccvc, and ccvcc) added as within-subjects factors, and accuracy and 
latency as dependent variables Only the latencies for the correct responses were 
used Figure 1 shows the mean percentage correct, and Figure 2 shows the mean 
latencies of the OME subjects and the control subjects 
There is no main effect of OME, F (2, 228) = 1 47, ρ - 23 With respect to the 
within-subjects factors, main effects of word type, F (2, 228) = 147 95, ρ < 001, and 
word structure, F (4, 226) = 55 00, ρ < 001, were found There were no interaction 
effects, Fs < 1 As expected, pseudoword reading proved to be more difficult than 
real-word reading, and long words were more difficult to read than short words 
There were no interactions between subject groups and word type, which 
means that the effects of word type and word structure were the same for both 
groups In other words, the two subject groups appear to call on the same lexical 
and phonological strategies in reading 
A MANOVA on the sentence-verification task data, with type of sentence as a 
within-subjects factor and reading accuracy and latency as dependent variables, 
showed no significant main effect of OME, F < 1 A main effect of type of sen-
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tence, F (2, 236) = 101.07, ρ < .001, was found, with semantically incorrect sen­
tences taking longer to judge and resulting in more errors than semantically 
correct sentences. OME in early childhood apparently does not lead to lower 
reading ability at age seven. 
2000 
1800-
1600-
latency 
(msec) 1400 
1200 
1000 i 
800 
600 
OME subjects control subjects 
cvc real words 
cvcc/ccvc real words 
ccvcc real words 
cvc pseudowords 
cvcc/ccvc pseudowords 
ccvcc pseudowords 
Figure 1 Mean latency of correct answers for OME and control subjects on Readmg, split by type of 
words, real words ('open' figures) and pseudowords ("black' figures) 
100' 
accuracy 
(percen­
tage) 
90 
80 
-Θ-
OME subjects control subjects 
cvc real words 
cvcc/ccvc real words 
ccvcc real words 
cvc pseudowords 
cvcc/ccvc pseudowords 
ccvcc pseudowords 
Figure 2 Mean percentage of correct answers for OME and control subjects on Reading, split by 
type of words, real words ('open' figures) and pseudowords ("black' figures) 
MANOVAs on the writing, reading, and arithmetic scales from the teacher ques­
tionnaires were carried out. Table 5 shows the means and standard deviations for 
the OME subjects and the control subjects. A main effect of OME, F (2, 194) = 2.46, 
ρ < .05, one-tailed, was found on the writing scales. There were no main effects of 
OME for reading, F < 1, or for arithmetic, F (3,126) = 1.21, ρ = .31. Teachers appear 
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to judge OME subjects as having lower writing achievement levels than control 
subjects, but not lower reading or arithmetic achievement levels 
Table 5 Means of teachers ratings (SD in parentheses) for OME, OME-VT, and control subjects 
on Writing, Reading and Arithmetic 
Tests OME OME-VT Controls 
(n = 151) (и = 37) (и = 82) 
Writing 
item 1 
item 2 
Reading 
i t e m 3 
item 4 
item 5 
Arithmetic 
item 6 
item 7 
item 8 
3 1 
3 1 
3 1 
3 0 
3 3 
3 2 
3 0 
3 0 
(10) 
( 8 ) 
(11) 
( 7 ) 
( 8 ) 
(10) 
(10) 
( 8 ) 
3 5 
2 7 
3 2 
3 0 
3 2 
3 1 
2 9 
3 0 
(ID 
( 8 ) 
(11) 
( 8 ) 
(12) 
(11) 
(10) 
(11) 
3 5 
3 3 
3 4 
3 2 
3 5 
3 4 
3 4 
3 2 
(10) 
( 8 ) 
(11) 
( 9 ) 
( 9 ) 
(11) 
( 9 ) 
(10) 
Note See Table 3 for items Abbreviations see the list of abbreviations on page IX 
To test whether the teachers were aware of the OME histories of their students, 
the teachers were asked if - in so far as they knew - the children had been seen by 
a medical specialist for ear problems By way of distracters, the same question was 
asked about the students' eyes, speech, or motor functions No differences were 
found in the teachers' knowledge of the two groups' aural histories, χ 2 (2) = 4 66, 
ρ = 10, and thus the teachers judgements can be assumed to be unbiased 
If OME has a negative influence on school achievement, it might be expected 
that OME subjects would have had more remedial help than control subjects The 
parents were asked whether remedial help had been given to their children, the 
OME subjects did not have remedial help (13 2%) more often than the control 
children (7 3%), χ 2 (1) = 1 88, ρ = 09, one-tailed. The parents were also asked 
whether their children had stayed back a grade in school, but, again, no differ­
ences were found between the OME (6 2%) and control (8 9%) subjects, χ 2 (1, η = 
225) = 56, ρ = 45 
If OME influences educational attainment, it might be expected that more 
frequent OME would result in lower school achievement A trend analysis was 
done on the data from the OME subjects to study the relation between the num­
ber of OME episodes and later spelling and reading scores (see Figures 3 and 4) 
The children had been screened for OME every three months from the age of two 
to the age of four As children with Type В tympanograms on at least two con-
36 Chapter 3 
secutive screenings were selected to participate in this study, the number of 
observations varied from two to nine. As can be deduced from the Figures, there 
was neither a linear nor a curvilinear relation between the number of OME 
observations and the spelling or reading scores, all Fs < 1. 
latency 
(msec) 
6000 
5000 
4000 
3000 
2000 
1000 
- A — WR real words 
- A — WR pseudowords 
О SV correct sentences 
• SV incorrect sentences 
7,8,9 
OME frequencies 
Figure 3 Mean latency of correct answers for different numbers of observations of OME on the 
Sentence Verification test, and the Word Recognition test 
More frequent OME does not appear to produce lower reading and spelling scores 
at the age of seven. The suggestion that recurrent mild or moderate hearing loss 
during the early years creates more problems than continuous hearing loss was 
tested by comparing subjects suffering from continuous OME and subjects suffer­
ing from recurrent OME. Only the data from children with between four and six 
observations of OME were used. Subjects were defined as having recurrent OME 
if these four to six observations were distributed across at least three episodes of 
OME; subjects were defined as having continuous OME if one or two continuous 
episodes of OME were observed. MANOVAs were performed, with subject type as 
the between-subjects factor (special contrasts: recurrent vs. continuous OME, and 
subjects with recurrent OME vs. control subjects), and spelling and reading scores 
as dependent variables. The contrast between the different OME groups is of 
special interest here. The results are shown in Table 6. 
There were no significant differences in grapheme knowledge, F < 1, or 
spelling, F < 1, but a statistically significant difference was observed on the Word 
Recognition test, F (2, 119) = 4.26, ρ < .05 The univariate results showed a differ­
ence in accuracy, F (1, 120) = 7.69, ρ < .01, but not in latency, F < 1. In contrast to 
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the expectation, however, children with continuous OME were less accurate than 
children with recurrent OME The results for the One-Minute-Test, F < 1, as well 
as those for the Sentence Verification test, F (2, 133) = 1 75, ρ - 17, did not reveal 
any significant differences 
• Spelling real words 
• Spelling pseudowords 
• YVR real words 
• WR pseudowords 
• SV correct sentences 
' SV incorrect sentences 
' One-Mmute-Test 
100 
80 
accuracy 
60 i 
40 
20 
4 5 
OME frequencies 
7,8,9 
Figure 4 Mean percentage of correct answers or mean number of correct words (One-Minute-Test) 
for different numbers of observations of OME on the Word Recognition test and the 
Sentence Verification test, the Spelling test and the One-Minute-Test 
A comparison of the children with recurrent OME and the control subjects 
revealed no differences in grapheme knowledge, F (1,152) = 1 18, ρ = 28, spelling, 
F (1, 152) = 2 15, ρ = 15, the One-Minute-Test, F < 1, the Word Recognition test, F 
(2, 119) = 1 90, ρ = 16, or the Sentence Verification test, F < 1 Recurrent, bilateral 
OME does not appear to have a more detrimental effect on the school perform­
ance of children at seven years than does continuous OME, subjects with re­
current, bilateral OME even had slightly better reading scores than subjects with 
continuous OME Furthermore, there were no differences between subjects with 
recurrent OME and the control subjects in educational attainment 
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Table 6 Mean percentage and latency {SD in parentheses) for correct answers of subjects with 
continuous versus recurrent OME on Spelling and Reading tests 
Tests 
Graphemes 
Spelling 
real words 
pseudowords 
Reading 
One-Minute-Test 
Word Recognition 
real words (milliseconds) 
pseudowords 
real words (percentages) 
pseudowords 
Sentence Verification 
correct sentences (milliseconds) 
incorrect sentences 
correct sentences (percentages) 
incorrect 
Continuous OME 
(п. 
77.9 
61.8 
55.8 
41.3 
898 
1277 
92.2 
83.5 
3877 
5014 
86.2 
82.4 
= 33) 
(23.7) 
(23.8) 
(23.3) 
(18.1) 
(462) 
(677) 
(7.5) 
(12.1) 
(1179) 
(1694) 
(9.6) 
(17.5) 
Recurrent OME 
(η 
81.2 
62.8 
60.5 
42.9 
837 
1168 
96.3 
89.7 
3532 
4037 
87.7 
88.2 
= 40) 
(26.0) 
(29.3) 
(30.1) 
(21.7) 
(290) 
(656) 
(4.7) 
(7.5) 
(1258) 
(1691) 
(11.1) 
(14.5) 
Note: Abbreviations: see the list of abbreviations on page IX. 
Efficacy of ventilation tube treatment 
The effects of treatment with ventilation tubes were investigated by comparing 
the OME subjects with the OME-VT subjects. The preceding analyses showed little 
effect of OME on educational achievement at the age of seven, and, thus, differ­
ences between OME subjects and OME-VT subjects in educational attainment can 
hardly be expected. 
The characteristics of both subject groups can be found in Table 1. There were 
no differences between the OME and OME-VT subjects in sex, χ 2 (1, η = 188) = 
1.01, ρ = .31; age, г (186) = .60, ρ = .55; or grade level, χ 2 (3, η = 188) = .81, ρ = .84. 
However, the OME-VT subjects were found to be of lower intelligence than the 
OME subjects, f (186) = 2.39, ρ = .02, although the educational level of their fathers 
and mothers was found to be higher than that of parents of the OME subjects, χ 2 
(2, η = 169) = 7.38, ρ < .05, and χ 2 (2, и = 175) = 9.36, ρ < .01, respectively. Only 
intelligence explained a substantial amount of the variance in the dependent 
variables and correlated about .30 with the dependent variables. Reanalysis of the 
data, however, with intelligence as a covariate, did not change the outcomes of 
the statistical tests. 
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No main effect for ventilation tubes was found Tables 4 and 7 show the 
means and standard deviations for the OME subjects and the OME-VT subjects 
There are no significant differences between their scores for grapheme know­
ledge, F < 1, spelling, F < 1, or reading, all Fs < 1 The teachers' ratings (see Table 
5) also do not differ for reading, F < 1, or arithmetic, F < 1 There is, however, a 
difference in the teachers' ratmgs for the two groups on writing, F (2, 194) = 10 36, 
ρ < 001 - OME-VT subjects were judged better in writing than OME subjects 
Table 7 Mean percentage and latency (SD in parentheses) for correct answers of OME, and OME-
VT subjects on the Word Recognition test 
Tests OME OME-VT 
(n = 151) (n = 37) 
Word Recognition 
real words (milliseconds) 930 (514) 870 (426) 
pseudowords 1333 (766) 1255 (730) 
real words (percentages) 94 3 (7 2) 95 2 (5 3) 
pseudowords 86 7 (12 0) 85 0 (10 9) 
Note Abbreviations see the list of abbreviations on page IX 
Only a few effects of treatment by ventilation tubes were found, as could be ex­
pected Where OME was found to have no effect, treatment with ventilation 
tubes was also found to have no effect Early OME was found to have a negative 
effect on the spelling and writing ability of the afflicted subjects, and the teachers' 
ratings of the writing abilities of the OME-VT subjects suggest that there is a 
positive effect of treatment with ventilation tubes 
Discussion 
The results of this prospective study of bilateral OME between the ages of two and 
four years on educational attainment at the age of seven suggests that OME with a 
duration of at least three to six months does not significantly affect later reading 
abilities (word identification and comprehension) or arithmetic An effect of OME 
on later spelling and writing abilities was found on test scores as well as on 
teachers' ratings This effect was very small, however Only 2% of the variance in 
the test scores and 3% of the variance in the teachers' ratings could be explained 
by the occurrence of OME 
OME subjects did not receive more remedial schooling than the control 
subjects, nor were they held back in school more often than the control subjects 
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The results of this study also suggest that the effect of OME does not increase 
with its frequency between the ages of two and four. Even very frequent OME 
does not appear to affect educational attainment. 
Subjects with a recurrent hearing loss were not found to have the hypoth­
esized lower reading and spelling scores than subjects with a continuous hearing 
loss. In fact, the subjects with recurrent hearing loss were found to have higher 
reading scores than the subjects with continuous hearing loss. 
It has also been proposed that the hearing loss caused by early OME will affect 
phonological processing (Gordon, 1986; Paden et al., 1989; Sak & Ruben, 1981). In 
the present study, no differences were found between the subject groups in their 
reading and spelling of words and pseudowords, which suggests that the reading 
and spelling strategies the two groups employ do not differ. More direct indica­
tions of the phonological processing of the children in this study can be derived 
from their oral language test scores. According to Grievink, Peters, van Bon, and 
Schilder (1993), tests of auditory discrimination, phonemic segmentation, and 
phonemic synthesis showed no negative effects of OME on phonological pro­
cessing. 
However, differences were found in spelling scores and in teacher ratings of 
the children's writing abilities. The findings of the present study correspond with 
those of Sak and Ruben (1981), who also found OME subjects to have lower spell­
ing scores than other subjects but no other differences in educational attainment. 
The differences in spelling but not reading abilities may be the result of a 
partial hearing loss at age seven. Schilder, Zielhuis, Straatman, & van den Broek 
(1993) found that OME at preschool age was associated with poorer hearing levels 
at school age. Poor word repetition by the subjects in the spelling tests can be 
taken as a sign of hearing loss, and incorrect repetition was found to be signifi­
cantly more frequent for the OME group than for the control group, F (1, 231) = 
3.06, ρ < .05, one-tailed. This finding is confirmed by a corresponding difference 
on the word-repetition portion of a phonemic segmentation test (Grievink et al., 
1993), which consisted of the same items as the spelling test and also revealed a 
poorer repetition performance for OME subjects than for control subjects, F (1, 
213) = 4.85, ρ < .05, one-tailed. The significant correlation between spelling and 
quality of word repetition, .26, ρ < .01, suggests that differences in spelling 
achievement may be explained, in part, by differences in word repetition. Thus, a 
MANOVA was performed, with OME as a between-subjects factor, word repeti­
tion accuracy as a covariate, and spelling of words and spelling of pseudowords as 
the dependent variables. The main effect of OME on spelling now disappeared, F 
(1,199) = 1.79, ρ = .09, suggesting that the lower spelling scores of the OME subjects 
were a consequence of their less-adequate handling of spoken words. Perhaps 
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they suffer from a poorer auditory representation of words, caused by their 
hearing loss. Grievink et al. (1993), however, found no differences between the 
two groups in auditory discrimination. The differences in word repetition, there-
fore, do not seem to occur in the initial stages of word identification, and the 
point where the differences between OME subjects and control children emerge is 
still open to question. 
The beginning assumptions in this study were that OME can negatively affect 
spoken language skills and, in turn, negatively affect educational attainment. 
However, Grievink et al. (1993) found no effect of OME between the ages of two 
and four years on morphological, semantic, or phonological language skills at the 
age of seven years. The general lack of effect of OME on language skills may 
explain why later educational problems, aside from the effect of OME on spelling, 
were not found. If there is a retarding effect of OME, it seems that children catch 
up quickly to normally achieving children when OME disappears. 
The finding that OME does not affect reading corroborates the negative find-
ings of the follow-up studies of Lous and Fiellau-Nikolajsen (1984) and Teele et 
al. (1990), and contradicts the findings of Silva et al. (1986). The explanation for 
the contrasting findings of Silva et al. with respect to reading might lies in the fact 
that they started with otological and audiological assessments when the children 
were five years old, which is in marked contrast to the other studies, wherein the 
children were followed from an earlier age. Perhaps in the Silva et al. study the 
children with OME had problems in learning to read because they had a hearing 
loss at the early school years. 
OME was found to affect only children's spelling skills and thus treatment 
with ventilation tubes can be expected to affect only such skills. A difference in 
favour of the OME-VT subjects was found only in the teachers' ratings of writing 
performance; no differences were found in the children's test scores or the other 
rating scales. The finding that, in general, there are no positive effects of treat-
ment with ventilation tubes corresponds with findings by Paden et al. (1989), and 
Räch et al. (1991). 
Bilateral OME with a duration of at least three to six months for children two 
to four years of age does not appear to decrease educational attainment at the age 
of seven. Only spelling and, in general, writing, seem to be influenced by an OME 
history, and treatment with ventilation tubes seems to be effective solely with 
respect to writing. Furthermore, this detrimental effect of OME on spelling, and 
writing appears to be small. Although short term effects on language skills may 
be evident (Zielhuis et al., 1989), they are largely overcome, even by children with 
long lasting bilateral OME (Grievink et al., 1993). At seven years, these children 
are quite comparable in language competence and educational attainment to 
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children without a history of the disease. The results of this study, correspond to 
the results of other recent prospective studies (Lous & Fiellau-Nikolajsen, 1984; 
Teele et al., 1990). 
In this study, a number of the shortcomings found in previous studies of the 
possible effects of OME on school achievement were avoided. The design of the 
study was longitudinal. The OME histories of the children were systematically 
documented using tympanometry, which is a reliable way of measuring OME 
(Zielhuis et al., 1989). A large number of children were included in the study, and 
the children who participated were unselected. A birth cohort formed the basis of 
the study, which minimizes bias in selection. The age range of the children was 
limited, and no differences in grade level, intelligence, or educational levels of 
mother and father were observed for the OME versus the control subjects. A 
difference in the children's intelligence and the educational levels of the parents 
for the OME versus OME-VT subjects was observed, but reanalysis of the data 
with intelligence as a covariate did not change the outcomes of the statistical tests. 
A limitation of this study is that hearing loss at the time of OME was not 
measured. Perhaps, OME not always entails hearing loss. Friel-Patti and Finitzo 
(1990), however, reported that OME and levels of hearing are highly correlated, as 
was found in the present population (Schilder, Zielhuis, Straatman, & van den 
Broek, 1993d). A further limitation of the present study is that it is confined to the 
effects of OME diagnosed between the ages of two and four. OME at a younger age, 
when the basis for phonological development is supposed to be laid (Eimas & 
Clarkson, 1986), could have a decisive effect on later language development and, 
consequently, on educational attainment. Moreover, OME at a later age, (at the 
time of learning to read and write) possibly interferes with the acquisition of 
literacy. Further research therefore is needed to investigate the effects of OME 
before the age of two years and after the age of four. 
The practical implications of OME between two and four years appear to be 
relatively minor. OME evidently is not a major factor in explaining children's 
language problems or learning disabilities. Only minor differences between OME 
subjects and children without a history of OME were found, and, therefore, from 
this point of view, large-scale efforts to overcome possible short-term effects of 
OME need not be made. 
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Chapter 4 
Parental and teacher evaluations of the language behaviour of children with 
early otitis media with effusion* 
Abstract 
In the current study, which is a follow-up on the epidemiological Nijmegen Otitis Media Study, the 
relation between early otitis media with effusion (OME) and evaluated language ability is 
examined at seven years of age. Children were screened using tympanometry at regular intervals of 
three months between their second and fourth birthdays. Parents and teachers later filled in a ques-
tionnaire concerning the use of language by the children at the age of seven years. The language 
behaviour of a total of 178 children was evaluated: 54 OME-free children, 104 children with bi-
lateral OME, and 20 children treated with ventilation tubes at preschool age. Parents and teachers 
rated 36 items concerning the language behaviour of the children. 
Analysis of the data allowed four factors to be distinguished: Language ability, Orderliness, 
Presentation, and Talkativeness. A history of OME was found to be of only minor importance for 
orderliness of speaking and listening. There were no negative effects of OME, even up to nine in-
stances, on the other aspects of language behaviour. Intermittent, as opposed to more continuous, 
OME was not found to affect the evaluations of the children's language behaviour. A clear benefit of 
treatment with ventilation rubes was also not found after controlling for intelligence. The results of 
this study indicate that the negative consequences of early bilateral OME for language behaviour 
are only minor and suggest that large-scale screening efforts need not be initiated. 
Otitis media with effusion (OME) is one of the most common illnesses in 
childhood. It is characterized by the presence of fluid in the middle ear without 
signs of acute infection (Scheidt & Kavanagh, 1986). The hearing loss accompany-
ing OME may negatively influence children's linguistic skills because it usually 
occurs in a period that is known to be important for the development of language 
(Friel-Patti, 1990; Menyuk, 1986). Whether OME actually exerts a negative effect 
on the language ability of children nevertheless remains uncertain (Feagans, 
Sanyal, Henderson, Collier, & Appelbaum, 1987; Friel-Patti & Finitzo, 1990; Ro-
berts, Burchinal, Davis, Collier, & Henderson, 1991). We observed children who 
suffered from OME between two and four years of age to not differ from children 
without OME at the age of seven in language ability measured with several 
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language tests (Grievink, Peters, van Bon, & Schilder, 1993). No negative effect of 
OME on school achievement was observed, and a very small effect on spelling 
performance was detected (Peters, Grievink, van Bon, & Schilder, 1994). In the 
present study, we investigate the relation of early (between the ages of two and 
four) well-documented OME to parental and teacher evaluations of the language 
behaviour of the children at the age of seven. The present study thus constitutes 
an extension of the study by Grievink et al. (1993). 
Up to the age of seven, the incidence of OME is fairly high with peaks at the ages 
of two and five (Zielhuis, 1988). Before the age of four, 80% of all children have 
suffered from OME at least once (Zielhuis, Rach, & van den Broek, 1989). Bilateral 
OME occurs in 20% of children aged two and in 14% of children aged four 
(Zielhuis et al., 1989). Placement of ventilation tubes is the most effective treat-
ment of OME and one of the most commonly used surgical procedures in 
children. Placement of ventilation tubes has an immediate positive effect on 
hearing (Schilder, 1993), but it does not influence the course of the illness itself. 
The conductive hearing loss accompanying OME can be more or less serious. 
Fria, Cantekin, and Eichler (1985) showed 50% of children with early OME to 
have an average hearing loss of 23 dB or more and 20% to have a hearing loss of 
35 dB or more. In the larger study of which this article is a part, an average hear-
ing loss of 20 dB in the sound frequency range of 0.5 to 4 kHz was found in seven 
year olds with OME (Schilder, Zielhuis, & van den Broek, 1993). 
Severe hearing loss is known to have a detrimental effect on language ability. 
Mild to moderate hearing loss can have a more negative effect than is often sug-
gested (Bess, 1985; Blair, Peterson, & Viehweg, 1985; Davis, Elfenbein, Schum, & 
Bentler, 1986). This is because OME typically occurs in a period that is particularly 
important for the development of language. Several studies, for example, have 
shown children with language problems at preschool age to have a greater chance 
of language problems at school age (Aram, Ekelman, & Nation, 1984; Rescorla & 
Schwartz, 1990). Mild to moderate hearing loss as a consequence of OME may 
also, thus, have a negative effect on school-aged children's language. 
Studies of the consequences of OME are mainly aimed at the relation between 
OME and language development at the preschool age (Friel-Patti & Finitzo, 1990; 
Pearce, Saunders, Creighton, & Sauve, 1988; Rach, Zielhuis, & van den Broek, 
1988). In some studies, the effects of OME on later language ability have been 
investigated (Holm & Kunze, 1969; Needleman, 1977; Roberts et al., 1991; Silva, 
Chalmers, & Stewart, 1986; Teele, Klein, Chase, Menyuk, Rosner, & The Greater 
Boston Otitis Media Study Group, 1990). In the study by Holm and Kunze (1969), 
children who suffered from OME appeared to perform worse in several domains 
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of language ability (articulation, vocabulary, language comprehension and pro-
duction, the use grammar and syntax, and auditory memory). Teele et al. (1990) 
found their OME group to have significantly lower scores on intelligence (verbal 
and performance), speech, language ability, and school achievement. Roberts et 
al. (1991), however, found no negative effects of early OME on the language 
achievement of children aged 4.5 to six years (language comprehension, ex-
pressive language, semantic and syntactic measures). Finally, Needleman (1977) 
demonstrated that children with early OME can lag in phonological ability al-
though this difference diminishes with age. The difference between the OME 
group and the control group was less compelling for the oldest children when 
compared to the youngest ones. 
It should be noted that the studies in this domain are plagued by a number of 
methodological flaws (Roberts & Schuele, 1990; Paradise, 1981; Ventry, 1980). 
Group assignment is often based on ambiguous anamnestic data supplied by 
parents or medical records with concomitant differences in the diagnosis of the 
OME and/or the times of data acquisition. A number of more the recent studies 
avoid these problems by following subjects from an early age and using more 
reliable assessment methods. They also apply planned measurements at prede-
termined points in time (Friel-Patti & Finitzo, 1990; Pearce et al., 1988; Roberts et 
al., 1991; Teele, Klein, Rosner, & The Greater Boston Otitis Media Group, 1984). 
However, even the use of these improved research methods has not clearly 
demonstrated the negative effects of OME. While the studies of Friel-Patti and 
Finitzo (1990), Pearce et al. (1988), and Teele et al. (1984) revealed negative effects, 
the research of Roberts et al. (1991) did not - as already mentioned - show nega-
tive effects of early OME on language ability. 
This article concerns the relation of OME to parental and teacher evaluations of 
children's language ability at the age of seven years. The data were gathered as 
part of the epidemiological Nijmegen Otitis Media Study. During the first phase 
of the Nijmegen Otitis Media Study, a complete birth cohort of 1439 children born 
in the city of Nijmegen (The Netherlands) between September 1982 and Sep-
tember 1983 were invited to participate in periodic examinations for OME using 
tympanometry. Tympanometry, which determines the compliance of the ear 
drum, reliably shows the presence of fluid in the middle ear. Nine measurements 
separated by three month intervals were performed for each child between the 
ages of two and four. In addition, a Dutch translation of the Reynell Develop-
mental Language Scales-Revised (Reynell, 1977) was administered to a subset of 
the children. The average language-production score for the OME group was 
found to be significantly lower than the average score for the reference group. 
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The longer the children suffered from OME, moreover, the lower the language-
production score was. The score for language comprehension was found to be 
similar to that of the reference group. The scores on the expressive and receptive 
scales for the control group also corresponded to those for the age-appropriate 
reference group (Rach et al., 1988). 
In the second phase of the Nijmegen Otitis Media Study, all of the children 
from the cohort were again invited between September 1990 and February 1991 
(or between the ages of seven and eight) for otological, audiometrical, and tym-
panometric measurements. Twenty-five percent of these children (the children 
who suffered least and most from OME) were then administered a number of 
language and school attainment tests. The parents and teachers were also asked to 
complete a questionnaire with regard to the children's language behaviour. One 
of the goals of this second phase was to determine the relation between early 
OME (measured between the ages of two and four) and later language develop-
ment and thereby supplement the studies mainly concerned with the effects of 
OME on the language ability of preschool children alone. The effects of treatment 
with ventilation tubes on parental and teacher evaluations of later language 
ability were also examined because a number of the children who suffered from 
OME between two and four were treated with ventilation tubes. 
Analyses of the language tests did not reveal a negative effect of OME (Grie-
vink et al., 1993). The selection of only the most commonly-used language tests 
covered only part of the children's language ability, however, and it was therefore 
decided to examine the judgements of parents and teachers in order to address a 
broader range of language ability. In particular, the parents and teachers of the 
children in the present study were asked to decide whether a number of state-
ments about the language behaviour of a particular child were correct, more or 
less correct, or incorrect. Within the context of the Nijmegen Otitis Media Study, 
analyses of spontaneous or elicited speech was judged to be too time consuming. 
Such analyses require long-term observation in order to gather the necessary in-
formation about the various aspects of a child's language ability. Parents and 
teachers, however, are clearly in a position to supply information with regard to a 
child's spontaneous language behaviour. The research of Camaioni, Castelli, 
Longobardi, and Volterra (1991), for example, shows parents, when compared to 
trained observers, to be able to provide accurate and reliable judgements of the 
development of the language behaviour of young children (12, 16, and 20 months 
old). Rescorla (1989) also showed parents to provide reliable and valid judge-
ments of the vocabularies of their two-year-old children. Parental judgements 
may nevertheless be influenced by a considerable number of factors (Bakker, 
1991). In the context of the present study, parental judgements may be influenced 
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by the knowledge that the child has suffered from OME. In contrast, teachers are 
generally not considered to know the OME histories of all the pupils in their 
group and, for this reason, it was decided to consider both parental and teacher 
evaluations of the children's language behaviour. If the parental evaluations are 
in some way biased, then an interaction between the OME history of the child and 
the type judge (i.e., parent vs. teacher) can be expected. In addition, there are other 
advantages connected with the use of two sources of information. In contrast to 
parents, who generally appear to overestimate their children's achievement 
(Miller, 1986; Miller, Manhal, & Mee, 1991), teachers tend to provide less socially 
desirable answers (van Lieshout & Haselager, 1992). This means that a parental 
bias can once again be detected as a difference in the levels of the parental versus 
teacher evaluations. Finally, teachers observe children under different circum­
stances than parents and thus provide additional information (Achenbach, 1987). 
They are also more likely to have developed a frame of reference for comparison 
of the children's language behaviour than parents. 
In this study, thus, we will first examine the relation between early OME and 
evaluations of the children's language behaviour by teachers and parents at the 
age of seven. The effects of treatment with ventilation tubes on these judgements 
will then be examined. And, in closing, the effects of the frequency of OME and 
the other characteristics of the course of OME on the evaluations of the children's 
language behaviour by the parents and teachers will be investigated. 
Method 
Subjects 
In the epidemiological Nijmegen Otitis Media Study, a cohort of children born 
between September 1982 and September 1983 in the municipality of Nijmegen (a 
mid-sized town of 145,000 inhabitants in The Netherlands) was followed from 
the second to the fourth year of life. Every three months, tympanometric meas­
urements were performed. The tympanometric measurements were classified 
into four types using the criteria developed by Jerger (1970). Type A indicates 
normal compliance of the tympanic membrane. Type Ci and C2 indicate various 
degrees of negative middle ear pressure and reduced compliance of the tympanic 
membrane. A type В tympanogram, i.e., a flat tympanogram, was considered 
indicative of OME. 
In the present study, 1160 children from the original study were invited at the 
age of seven to participate in a follow-up between September 1990 and February 
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1991. Some children of the original cohort were not invited because their parents 
earlier had refused to participate in further study. Children who had moved to 
another region were also excluded from the follow-up. A total of 946 children was 
examined otologically and audiologically, and a group of 395 children was select­
ed for language testing. Of this group, 305 agreed to take part in this study. 
The OME data gathered between two and four years of age were used to select 
subjects. A group of OME-free children (« = 82) was selected from among the 
children with almost exclusively type A or type Ci tympanograms; these children 
were allowed to have had a type C2 or type В tympanogram at one time or an­
other in one ear, but no more than that. The OME group (n = 151) consisted of 
children with a bilateral type В tympanogram on two or more occasions of which 
at least two occasions were consecutive. They were not treated with ventilation 
tubes at preschool age. At an earlier stage the criterion of two consecutive occa­
sions was chosen because of the demands of a sub-project on treatment effects in 
children with frequent OME. In the Netherlands, children with bilateral OME are 
usually treated with ventilation tubes when middle ear effusion is still present 
after an observation period of three months (see Zielhuis et al., 1989). If the 
criterion of consecutiveness was dropped, only eleven more children from the 
original cohort would have been selected for the OME group. The OME-VT 
(ventilation tubes) group (n = 37) consisted of those children with bilateral type В 
tympanograms on two or more occasions (with two or more of these consecutive) 
and treatment with ventilation tubes between the ages of two and four. The data 
from 35 children with a first language other than Dutch were excluded, which 
resulted in a total of 270 subjects. 
Materials 
A list of 36 statements was used by the parents and teachers to judge the language 
behaviour of the children (see Table 1). These items were part of more extended 
questionnaires concerned with, among other things, the children's early language 
development (questionnaire for the parents) and school achievement (question­
naire for the teachers). In principle, every child was evaluated by a parent and /or 
a teacher. Each item on the list was a statement about language behaviour. The 
task of the parent or teacher was to decide for each statement whether it was 
correct, more or less correct, or incorrect for the child under consideration. Most 
of the statements were borrowed from a questionnaire constructed by van Bon 
(1979). Many of the statements were reformulated, others were omitted (four), 
and one statement was added. The statements were chosen in order to cover as 
many characteristics of the language behaviour of the children as possible. It 
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should be noted that no clear procedures exist for the construction of such a list 
and that the list was limited in order to obtain the largest response possible. 
The data from 251 parents and 191 teachers included answers to all of the 36 
items. For 178 children, data from both a parent and a teacher were available. 
The Coloured Progressive Matrices (Raven, 1965; van Bon, 1986) was used to 
measure non-verbal intelligence. 
Procedure 
The list of 36 statements with regard to language behaviour was completed by one 
of the parents while the child took the language and school achievement tests. 
The results of the language and school achievement tests have been described in 
Grievink et al. (1993) and Peters et al. (1994), respectively. When the parents had 
given permission, the same lists were sent to the teachers of the children who 
participated in the present study. In order to prevent any distortion of the judge-
ments of the teachers by knowledge of the OME-histories of the children, the 
parents were asked not to discuss incidence of OME or any test results with the 
teachers of their children. 
Analyses 
Whether the 36 items from the parents and teachers could possibly be reduced to 
a limited number of underlying dimensions of language behaviour was first 
examined. These dimensions could then be used to analyse the relation of OME 
to later language behaviour. In particular, whether the language behaviour of the 
children in the three different groups (the control group, the OME group, and the 
OME-VT group) was judged to be different by the parents and teachers was 
examined. The comparison of the control group to the OME group will first be 
discussed, and the comparison of the OME group to the OME-VT group will be 
discussed thereafter. The different groups were compared in a single analysis of 
variance using the pooled within-groups error, and only the data from those 
children judged by both a parent and a teacher were used in this analysis. 
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Table 1 Items and factor loadings (loadings greater than 50 are underlined) 
Items II III IV 
1 Doesn t speak intelligibly 
2 Doesn t use many different words 
3 Often has to search for words 
4 Doesn t talk much 
5 Uses numerous gestures and often points to make him/herself 
understood 
6 Cannot make longer sentences 
7 Uses only simple sentences 
8 Is quickly distracted when he/she listens 
9 Cannot understand longer sentences 
10 Understands only simple sentences 
11 Must be stimulated to talk 
12 Just what the child is talking about is often unclear to another, 
for example, whom it concerns and when or where something 
happened 
13 Speaks intelligibly 
14 Tells a story without detours 
15 Pronounces things correctly 
16 Listens poorly 
17 Tells a story in an orderly manner 
18 Speaks in a monotone way 
19 Speaks in complete sentences 
20 Appropriately sticks to the topic of the conversation 
21 Speaks in well-formed sentences 
22 Talks a lot 
23 Forms sentences with the beginning and end often not connected, 
sentences are chaotic 
24 Is shy 
25 Tells things in a lively manner 
26 Tends too much to assume that the other understands him/her 
27 Speaks with difficulty 
28 Only understands sentences with very familiar and frequently 
occurring words 
29 When telling something, he/she does not appear to take 
the listener into consideration 
30 Jumps from one topic to another 
31 Stumbles over words 
32 Speaks m broken sentences 
33 Too quickly thinks that he/she knows what the speaker means 
34 Must be addressed with very clear pronunciation 
35 Has trouble with the formation of the past tense, the past parti­
ciple, or the plural when telling (e g , uses the Dutch equiva­
lents of steeped instead of slept or foots instead of feet ) 
36 Has poor pronunciation 
21 
_6i 
5^S 
-06 
12 
Ж 
_S2 
14 
_6Z 
JSL 
02 
47 
-15 
-12 
-36 
13 
-25 
15 
5^3 
-13 
da 
-05 
44 
00 
-13 
19 
47 
Ja. 
17 
31 
30 
-07 
30 
31 
32 
_£5_ 
39 
39 
03 
42 
-24 
-47 
-33 
_65_ 
zM 
13 
-39 
dZi 
-44 
22 
_5É 
-16 
06 
60 
20 
31 
Л 
π 
36 
43 
27 
27 
28 
07 
05 
08 
45 
33 
-.68 
-40 
ZJLZ 
00 
-SI 
38 
i51 
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Results 
Dimensionality 
Exploratory factor analyses were performed on the data from the parents (n = 251) 
and the teachers (n = 191) in order to determine whether particular dimensions of 
language behaviour could be distinguished or not. The principal-axes method 
with communahty estimates on the diagonal was used. The stopping criterion for 
factor extraction was an eigenvalue no smaller than one For the parents, this 
criterion was reached at four factors with the four-factor solution explaining 
47 7% of the variance in the judgements of the parents with regard to the lan­
guage behaviour of the children The four factors could also be easily labelled. For 
the teachers, the stopping criterion was reached at three factors Because the four-
factor solution detected for the parents provided a better interpretation of the 
results, however, a four-factor solution was also selected for the teachers. In such 
a way the judgements of the parents and the teachers could also be more easily 
compared in subsequent analyses. The four-factor solution explained 54.2% of the 
variance in the judgements of the teachers with regard to the language behaviour 
of the children. 
Whether the dimensions isolated for the parents and the teachers could be 
constructed as similar was next tested in a two-group confirmatory factor analysis 
using exploratory matrices with the loadings for the parents and teachers 
(Joreskog & Sorbom, 1989). The fit of the model was found to be reasonable. The 
χ
2
 (3072.86 with 1126 degrees of freedom) was between two and three times the 
number of degrees of freedom. The residuals appeared to be satisfactorily low (the 
root mean square residuals were .12 and .07 for the parents and the teachers, 
respectively). Furthermore, the modification indices and the standardized 
residuals provided no clues for a meaningful modification of the model. Addi­
tional analyses with five and six factors were also performed because an ex­
ploratory factor analysis from van Bon (1979) with mostly the same questionnaire 
items had previously produced five easily labelled factors (see below). The fit of 
the model with five and six factors did not show any improvement, however. 
In sum, the model shows parents and teachers to reasonably agree on the di­
mensions they use to judge the language behaviour of children The resultant 
factor loadings for the four factors of the confirmatory factor analysis are pre­
sented in Table 1 and constituted the starting point for the subsequent analyses. 
All of the items concerned with the speaking and listening ability of the child 
were found to load on factor one This factor is thus called Language ability. State­
ments describing a lack of systemahcity and order in the speaking and listening 
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ability of the child were found to load on factor two This factor is thus called 
Orderliness Items concerning adequate use of language by the child and thereby 
little opportunity for misunderstanding were found to load on factor three This 
factor is thus called Presentation Items concerning the frequency or courage to 
speak were found to load on factor four This factor is thus called Talkativeness 
This four-factor solution has three factors in common with the five-factor solu­
tion originally found by van Bon (1979), which contained disorderhness, speaking 
ability, taciturnity, defective pronunciation, and defective listening ability The 
factor defective pronunciation was not found in our four-factor solution while 
the factor presentation was not found in van Bon's five-factor solution A 
number of easily labelled factors nevertheless appear to underlie judgements of 
language behaviour In addition, the dimensions distinguished in judging lan­
guage behaviour appear to be reasonably similar for parents and teachers 
Effects of OME 
The possibility of differences on a number of relevant (control) variables for the 
control group and the OME group or the OME group and the OME-VT group was 
first examined (see Table 2) 
Table 2 Number and characteristics (SD in parentheses) of control, OME, and OME-VT subjects 
Measure Controls OME OME-VT 
Sex 
Grade 
boys 
girls 
3 
4 
5 
special education 
(ii = 54) 
22 
32 
(и = 54) 
4 
44 
6 
0 
( И : 
( f | : 
= 104) 
48 
56 
= 104) 
7 
86 
9 
2 
(« = 20) 
10 
10 
(«=20) 
2 
15 
2 
1 
М М М 
Age (in months) 
CPM (means of raw scores, max = 36) 
(« = 54) 
92 76 (2 05) 
(n = 53) 
25 11 (4 92) 
(n = 101) 
92 93 (2 05) 
(« = 100) 
25 73 (4 02) 
(n = 19) 
92 47 (2 01) 
(n = 19) 
23 37 (5 35) 
Note Abbreviations see the list of abbreviations on page IX 
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The control group and the OME group did not differ on age (t (155) = .50, ρ = .62), 
sex (χ 2 (1, η = 158) = .42, ρ = 52), school grade (χ 2 (3, η = 158) = 1.29, ρ = .73), 
intelligence (f (153) = .83, ρ = .41), educational level of the mothers (χ2 (9, « = 154) 
= 10.80, ρ - .29), or educational level of the fathers (χ 2 (9, η = 145) = 4.84, ρ - .85). 
The OME group and the OME-VT group did not differ on age (t (120) = .89, ρ = 
.37), sex (χ2 (1, η = 124) = .10, ρ = .75), school grade (χ2 (3, η = 124) = 1.06, ρ = .79), 
educational level of the mothers (χ 2 (9, и = 122) = 9.90, ρ - .36), or educational 
level of the fathers (χ2 (9, π = 117) = 14.12, ρ = .12). Only a difference in intelligence 
was observed for the OME group when compared to the OME-VT group (f (119) = 
2.22, ρ < .05). 
The loadings matrix from the confirmatory factor analysis was taken as the 
basis for the calculation of the factor scores according to the 'approximation' me­
thod (Gorsuch, 1974). Those variables with a loading of .50 or higher for a par­
ticular factor were used to calculate the relevant factor score. In such a marmer, a 
total of ten variables with only a relatively low loading on all four factors could 
be omitted (also see Table 1). For the easy interpretation of the factor scores, a 
number of positively formulated variables were re-coded to make the inter­
pretation of their scores consistent with the interpretation of other negatively 
formulated variables. A high score meant 'more applicable'. 
The influence of OME on the various factors was tested in a MANOVA with 
evaluating group as a within-subjects factor (parents vs. teachers) and OME as a 
between-subjects factor (no OME vs. OME and OME vs. OME-VT). The data from 
the parents and teachers were analysed together in order to test for a possible 
interaction effect (n = 178). As already mentioned, the evaluations by the parents 
could be influenced, for example, by knowledge of the OME history of the child. 
The inclusion of evaluating group as a within-subjects factor resulted in a 
considerable reduction in the number of subjects. The reduction in the number of 
subjects was 29% for the parents and 7% for the teachers because the number of 
parents (n = 251) responding to the entire list of statements was larger than the 
number of teachers (n = 191). For the averages and standard deviations associated 
with the factor scores for the different groups, however, minimal shifts were 
found to occur. 
In Table 3, the averages and standard deviations for the four factors are 
presented independently for the parents and the teachers. As can be seen, the 
parents tend to evaluate the language behaviour of the children more positively 
than the teachers (F (4, 172) = 9.23, ρ < .01). The parental average was higher than 
the teacher average for three of the four factors. An interaction between the 
evaluating group and a history of OME was nevertheless not observed. Parents, 
rather, appear to have a tendency to evaluate more positively than teachers. 
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Table 3 Mean raw scores (max = 3, SD in parentheses) for the four factors of parents and teachers 
Language ability 
Orderliness 
Presentation 
Talkativeness 
parents 
η = 178 
2.85 (.26) 
2.64 (.42) 
2.74 (.37) 
2.80 (.33) 
teachers 
π = 178 
2.72 (.43) 
2.63 (.40) 
2.55 (.49) 
2.60 (.58) 
In Table 4, the averages for the four factors for the control group (n = 54), the OME 
group (n - 104), and the OME-VT group (n = 20) are presented. One-way analyses 
of variance revealed differences in the language evaluations for the control group 
versus the OME group (F (4, 172 = 2.24, ρ < .05) and the OME group versus the 
OME-VT group (F (4, 172 = 2.45, ρ = .05). Univariate tests showed the control 
group and the OME group to only differ with regard to Orderliness (F (1, 175) = 
3.86, ρ = .05). The control group was judged to speak and listen in a more orderly 
manner than the OME group; the amount of variance explained by this factor 
(2%) was nevertheless minimal. For the OME group versus the OME-VT group, 
differences were found in Language ability (F (1,175) = 7.01, ρ < .01), Orderliness 
(F (1,175) = 7.09, ρ < .01), and Presentation (F (1,175) = 3.57, ρ < .05). In contrast to 
our expectation, the language behaviour of the children treated with ventilation 
tubes was judged more negatively by both parents and teachers. 
Table 4 Mean raw scores (max = 3, SD in parentheses) for the four factors for the control, OME, 
and OME-VT subjects 
Language ability 
Orderliness 
Presentation 
Talkativeness 
controls 
и = 54 
2.80 (.32) 
2.74 (.32) 
2.72 (.38) 
2.67 (.48) 
OME 
и = 104 
2.81 (.31) 
2.63 (.40) 
2.64 (.43) 
2.71 (.46) 
OME-VT 
л = 2 0 
2.61 (.49) 
2.40 (.59) 
2.47 (.50) 
2.71 (.38) 
The possibility of an effect of OME frequency was examined next. Recall that the 
OME groups consisted of children with at least two consecutive type В tympano-
grams between two and four years of age. Data for a maximum of nine measure­
ments were available, which meant that the influence of the frequency of the 
OME on the evaluations of the children's later language behaviour could be 
examined. The observed frequency of the OME could vary between two and nine 
for a period of two years. In Table 5, the number of subjects per frequency class is 
presented. 
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Table 5 Number of subjects with different frequencies of OME 
Frequency OME 
η = 101 
2 
3 
4 
5 
6 
7,8,9 
23 
23 
21 
16 
10 
δ 
As can be seen, the data for the subjects with an observed frequency of seven, 
eight, and nine were collapsed together because of the otherwise marginal num­
ber of subjects. Parents and teachers were expected to observe poorer linguistic 
attainment among those children with more frequent OME. In Figures 1 through 
4, the average evaluations for the various OME frequencies are presented. Trend 
analyses were conducted in order to determine the possible effects of an increased 
frequency of OME on the evaluations of later language behaviour. For the OME 
group, no linear or quadratic trends (Fs < 1) were found for any of the four factors. 
The frequency of observed OME does not appear to influence either the parental 
or teacher evaluations of the children's later language behaviour. The later 
evaluations of the linguistic capacities of the children in no way reflect the in­
creased frequency of OME episodes between the ages of two and four years. 
mean 
raw 
scores 
3.0-
2 9 -
2 8 
2.7-
2.6-
2.5" 
2 4 
2.3 
- A — teachers 
" A — parents 
3 4 5 
OME frequencies 
7,8,9 
Figure 1 Mean raw scores for different frequencies for the factor Language ability 
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3 0 
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28 
mean 2 7 
raw 
scores 2 6 
25 
24 
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" A — teachers 
" A — parents 
- i 1 1 -
3 4 5 
OME frequencies 
η 
7,8,9 
Figure 2 Mean raw scores for different frequencies for the factor Orderliness 
3 0 η 
29 
28 
2 7 
2 6 
2 5 
24 
2 3 
mean 
raw 
scores 
A — teachers 
•Λ— parents 
3 4 
OME frequencies 
1 
7,8,9 
Figure 3 Mean raw scores for different frequencies for the factor Presentation 
mean 
raw 
scores 
3 0 
29 
28 
2 7 
2 6 
2 5 
24 
2 3 
4 5 
OME frequencies 
teachers 
parents 
— I 
7,8,9 
Figure 4 Mean raw scores for different frequencies for the factor Talkativeness 
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It is suggested in the literature that children with 'intermittent' OME - that is, 
periods of illness alternated with periods in which the children have no OME -
are at greater risk than children with the OME occurring in a number of con­
secutive periods (Emanuel & Herman, 1992; Goorhuis & Schaerlaekens, 1994; 
Howie, 1980). The explanation may be that the children with intermittent OME 
continually have to adjust to hearing better (or worse). In order to test this 
possibility, a distinction was made between intermittent and continuous OME for 
the frequency classes four, five, and six. The remaining frequency classes were not 
included in the analyses because the distinction between intermittent and 
continuous could hardly be made (also see Grievink et al., 1993; Peters et al., 1994). 
A subject was considered to fall in the intermittent-OME group when the bilateral 
type В tympanograms occurred in three or four independent periods. The con-
tinuous-OME group consisted of subjects with the bilateral type В tympanograms 
occurring in only one or two independent periods. This group was thus character­
ized by the occurrence of more consecutive periods of illness. As a consequence of 
the selection criteria decided upon in the initial phase of the Nijmegen Otitis 
Media Study, at least two bilateral type В tympanograms followed each other in 
the series of nine measurements for both of the groups. Children without OME 
were included as a control group. 
A MANOVA was conducted with evaluating group as a within-subjects factor 
and OME (intermittent vs. continuous) as a between-subjects factor. For this 
partial sample, parents were again found to judge the language behaviour of the 
children more favourably than the teachers on three of the four factors and the 
evaluating group was again not found to interact with OME. In Table 6, the 
averages and standard deviations for the control group (n = 54), the intermittent-
OME group (n = 28), and the continuous-OME group (n - 18) are presented. 
Table 6 Mean raw scores (max = 3, SD in parentheses) for the four factors for the control, 
intermittent OME, and continuous OME subjects 
Language ability 
Orderliness 
Presentation 
Talkativeness 
Controls 
и = 54 
2.80 (.32) 
2.74 (.32) 
2.72 (.38) 
2.67 (.48) 
Intermittent 
л = 28 
2.80 (.32) 
2.61 (.36) 
2.64 (.49) 
2.65 (.47) 
Continuous 
η = 18 
2.84 (.16) 
2.61 (.38) 
2.58 (.34) 
2.80 (.31) 
No significant differences were found in the evaluations of the language be­
haviour for the intermittent- and continuous-OME groups (F (4, 94) = 1.15, ρ = 
.34). Significant differences between the control group and the intermittent-OME 
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group were also not observed (F (4, 94) = 1.32, γ = .27). On the basis of these 
language evaluations, we can conclude that intermittent OME has no more 
damaging consequences for later language behaviour than continuous OME. 
Discussion 
On the basis of the present research, we can conclude that there are no differences 
in the opinion of parents and teachers between the control group and the OME 
group with regard to the factors Language ability, Talkativeness, and Presentation. 
A difference was observed between the control group and the OME group for the 
factor Orderliness although this effect was of little magnitude (explained 2% of 
the variance). The less positive evaluations of the orderliness and systematicity of 
the OME children's speaking and listening is perhaps a residual symptom of the 
OME experienced earlier. As part of the factor Orderliness, statements are made 
with regard to the child's listening attitude, adherence to the topic of conversa­
tion, and ability to take the listener's understanding of that which is told into 
consideration. It is plausible that these aspects of a child's language behaviour 
decline with temporary hearing loss, particularly when it is recognized that the 
periods of OME may go unnoticed by the parents and thus the specific 'language' 
needs of the child in such a period simply are not taken into consideration. It is 
possible that the children in the OME group have maintained a bad habit from 
the period in which they heard less well as a result of the occurrence of OME. For 
the rest, the frequency of the OME between the ages of two and four years appears 
to bear no relation to the evaluations of the language behaviour of the children at 
the age of seven. Intermittent OME does not appear to have more damaging con­
sequences for later language behaviour than continuous OME. 
Positive effects of treatment with ventilation tubes on the later language be­
haviour of the children could also not be detected. Differences in the opinions of 
the parents and teachers with regard to the factors Language ability, Orderliness, 
and Presentation for the OME group versus the OME-VT group were observed 
but, in contrast to our expectation, the children receiving treatment with ventila­
tion tubes were evaluated more negatively than the children not receiving 
treatment. It is still possible that treatment with ventilation tubes positively in­
fluences later language behaviour and that the evaluations of the OME-VT group 
would have been even weaker without treatment. This possibility cannot be 
evaluated on the basis of the present research, however. Evaluators might also be 
influenced by the assignment of a distinct 'treatment label' for the children. 
Teachers are generally unaware of such treatment, however, and influence of 
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their evaluations by the application of such a label is quite unlikely, thus. The fact 
remains that the teachers provide an equally negative evaluation of the OME-VT 
group as the parents. As already mentioned, an interaction between the evalu­
ating group and the OME history was not observed, which suggests that the 
teachers are definitely not aware of the OME histories of the children. In addition, 
questions were included in the questionnaires to determine whether the teachers 
knew of any treatment by doctors or specialists. The teacher was asked whether 
the child had ever received help from doctors or specialists for speech, eye, ear, or 
motor problems. No differences were found to exist when the responses of the 
teachers with regard to otological help for the OME group were compared to those 
for the OME-VT group (χ 2 (2, η - 140) = 1.41, ρ = .49). Differences were also not 
observed for the control group versus the OME group (χ 2 (2, η = 174) = 4.66, ρ = 
.10). Influence on the evaluations as a result of the application of a medical label 
does not appear to be the case. Perhaps the difference in the evaluations of the 
OME group and the OME-VT group can be traced to differences in intelligence. As 
reported above, a difference in intelligence was indeed observed for the OME 
group when compared to the OME-VT group with the CPM score for the OME-
VT group lower than that for the OME group. Analyses of covariance with 
intelligence controlled for, however, revealed no significant differences between 
the evaluations of the language behaviour for the OME and OME-VT groups (F 
(4, 165) = 1.50, ρ = .20). The correspondence between intelligence and the 
evaluations of language behaviour was, incidentally, comparable for the different 
groups (F (8,326) = 1.73, ρ = .09). 
As specific scale variance appeared to exist for each individual variable follow­
ing factor extraction, analyses of variance were undertaken for each variable in­
dependently with estimates of the specific scale variation. This was done by in­
cluding the relevant factor scores as covariates in the analyses of variance. In such 
a manner, whether the specific variance associated with each variable differed 
across the groups or not could be determined. A significant difference was observ­
ed for only two of the evaluation scales used by the parents, and the difference 
was only in the expected direction for one scale. With regard to the specific scale 
variance for the remaining variables, an effect of OME was not observed. We can 
therefore conclude that no appreciable differences existed in the specific scale va­
riances across the different groups. 
We can also conclude on the basis of the foregoing research that the language 
evaluations of parents and teachers appear to rest on four explicit factors. The 
structure underlying the evaluations by the parents and the teachers largely cor­
respond. The confirmatory factor analysis revealed an acceptable fit for the model. 
Despite the fact that certain disadvantages accompany the evaluation of language 
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behaviour by parents and teachers, the dimensions discerned here appear to pro-
vide a fairly accurate representation of actual connections. Parents are certainly 
more aware of their child's history of illness than teachers. An interaction 
between the occurrence of OME and the evaluator was nevertheless not observed. 
The parents of children with OME do not show a tendency to evaluate the 
language behaviour of their children more negatively than teachers. In keeping 
with what has been reported in the literature, rather, parents generally tend to 
provide more positive evaluations of the language behaviour of their children 
than teachers (Miller, 1986; Miller et al., 1991). 
It should be noted that the correlations between the factor scores for the 
parents and the teacher were not particularly high (between .39 and .53). This 
suggests that the evaluations occur along the same dimensions but that individ-
ual children are not evaluated similarly by parents and teachers. Such variability 
may reflect insufficient reliability; it may also correspond to differences between 
the school and home situations (Achenbach, 1987) and thus reflect a real differ-
ence in language behaviour. 
The results of the present research show a minimal effect of OME on the 
evaluated language behaviour of the children under consideration here. The 
orderliness of the speaking and listening of the children who suffered from OME 
between the ages of two and four years was found to be slightly but nevertheless 
significantly worse than that of the children who did not have OME. When 
intelligence was controlled for, the observed difference between the OME group 
and the OME-VT group was found to disappear. Treatment with ventilation 
tubes does not, thus, positively influence the evaluations of the children's later 
language behaviour. 
The conclusions of the present research in which language behaviour was meas-
ured on the basis of evaluations by parents and teachers largely point in the same 
direction as the research reported in Grievink et al. (1993) and Peters et al. (1994). 
In these studies, no effects on later language ability and academic progress are 
found for OME with the exception of a small effect on spelling ability. We can 
thus conclude that the negative consequences of OME for observed language 
behaviour, language ability, and school achievement are quite limited and that 
extended preventive measures are thus not justified. 
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Chapter 5 
The contribution of risk factors to the effect of early otitis media with effusion on 
later language, reading, and spelling* 
Abstract 
A cohort of 946 children who were screened for otitis media with effusion (OME) from the ages of 
two to four, were studied for language, reading and spelling at seven years of age. The effects of OME 
in combination with single risk factors and with increasing numbers of risk factors were investi-
gated An interaction with an additional risk factor was found only for gender and OME with boys' 
spelling influenced negatively by a history of OME. OME in combination with preterm birth and 
low birthweight also appears to put children at risk for later language and educational problems. 
Although a negative linear relation between the number of risk factors and later functioning was 
found, it is suggested that OME, even when combined with a number of other risk factors, produces 
only minor effects on later language, reading, and spelling. 
Otitis media with effusion (OME) is one of the most common diseases in early 
childhood. It is also considered a risk factor for later speech, language, and asso-
ciated learning problems as it is accompanied by a conductive hearing loss (Friel-
Patti & Finitzo, 1990; Schilder, Zielhuis, & van den Broek, 1993; Silva, Chalmers, 
& Stewart, 1986). The results of the many studies into the relation of OME to later 
language and educational problems are nevertheless conflicting. In recent pros-
pective studies, the association of OME with later language and educational pro-
blems has been shown to be fairly weak (Friel-Patti, 1990; Gravel & Wallace, 1992; 
Lous, Fiellau-Nikolajsen, & Jeppesen, 1988; Hubbard, Paradise, McWilliams, 
Elster, & Taylor, 1985; Roberts, Burchinal, & Campbell, 1994; Roberts, Burchinal, 
Davis, Collier, & Henderson, 1991; Grievink, Peters, van Bon, & Schilder, 1993; 
Paradise, Haggard, Lous, Roberts, & Schilder, 1995; Peters, Grievink, van Bon, & 
Schilder, 1994; Schilder, van Manen, Zielhuis, Grievink, Peters, & van den Broek, 
1993). Whenever there are detrimental effects of early OME at school age, they 
appear to be of little practical importance (Grievink et al., 1993; Lous, 1995; Peters 
et al., 1994; Roberts et al., 1991, 1994). Most children with OME appear to over-
come the short-term effects of OME as soon as the disease disappears and even 
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when the OME has been long-lasting. These results also do not change when the 
frequency of the OME and the pattern of its recurrence are taken into account 
(Grievink et al., 1993; Peters et al., 1994; Roberts et al., 1994). In other studies, 
however, a major effect of OME on later language and learning has been found 
(Silva et al., 1986; Teele, Klein, Chase, Menyuk, Rosner, & The Greater Boston 
Otitis Media Study Group, 1990). 
In search of an explanation for these differences, it has been suggested that the 
effect of OME on later language and learning may be the cumulative effect of a 
number of risk factors (Bishop & Edmundson, 1986; Lous et al., 1988; Menyuk, 
1980; Pearce, Saunders, Creighton, & Sauve, 1988; Rapin, 1979; Roberts et al., 1991; 
Roberts & Schuele, 1990). Some authors (Roberts et al., 1991; Roberts & Schuele, 
1990) suggest that it is important to consider those variables that may potentially 
contribute to the effects of OME as well. In this study, it is assumed that most 
children can cope with OME and that difficulties may most often arise in the pres-
ence of other risk factors. If the negative effects of OME arise from its coincidence 
with other risk factors, one can expect to find only small effects of OME in a 
population where the incidence of such risk factors is low. Conversely, one can 
expect to find a relatively large effect of the OME in a population with a high 
incidence of the risk factors and a history of OME. The data from a specific group 
of children in the Nijmegen Otitis Media Study (Grievink et al., 1993; Peters et al., 
1994) were analysed to test this hypothesis. 
Several factors have been suggested to produce a lower level of language 
ability and educational attainment in general and in relation to OME in par-
ticular. Such variables are socio-economic status, gender, the intelligence level of 
the children, gestational age and birthweight, and a first language other than 
Dutch. In a number of studies, the role of a low socio-economic status in placing a 
child at risk is emphasized (Hopman-Rock, Gerritsen, & Talsma, 1988; Lous, 1993; 
Menyuk, 1980, 1986; Rapin, 1979; Roberts, Sanyal, Burchinal, Collier, Ramey, & 
Henderson, 1986; Roberts et al., 1991, 1994). Teele, Klein, Rosner, and The Greater 
Boston Otitis Media Study Group (1984) compared a high and low social group 
and found only a relation between OME and lower language scores for the higher 
social group. With regard to gender as a risk factor, boys have generally been 
found to score lower on language-development tests than girls in general and in 
association with the occurrence of OME in particular (Allred, 1990; Hopman-Rock 
et a l , 1988; Lous, 1993; Silva, 1980). Low intelligence is associated with poor lan-
guage scores and reading difficulties (Silva, McGee, & Williams, 1983). Preterm 
birth and a low birthweight (LBW) have also been found to be risk factors for later 
functioning (Herrgard, Luoma, Tuppurainen, Karjalainen, & Martikainen, 1993; 
Largo, Pfister, Molinari, Kundu, Lipp, & Due, 1989; Levy-Shiff, Einat, Mogilner, 
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Lerman, & Krikler, 1994; Ross, Lipper, & Auld, 1992). Bishop and Edmundson 
(1986) have suggested that OME might interact with a number of perinatal risk 
factors in the etiology of language disorders. Preterm children with chronic OME 
were found to have relatively poorer verbal-cognitive abilities than children with 
a preterm delivery and no OME in at least one study (Pearce, Saunders, Creigh-
ton, & Sauve, 1988). Veen et al. (1993) also assessed a population of very preterm 
and very low birthweight infants and found those children with a history of OME 
to have a significantly increased risk of language and speech developmental dis-
orders at the age of five. Children with a first language other than Dutch are 
assumed to form a specific risk group. Verhoeven (1990) and Verhoeven and Gil-
lijns (1994), for example, found the acquisition of reading and spelling in a second 
non native language to be less efficient than the acquisition of these abilities in a 
first language. 
The purpose of the present study is to investigate whether or not the effects of 
long-standing, bilateral OME between the ages of two and four are accompanied 
by one or more of the above mentioned risk factors for later language, reading, 
and spelling delay at the age of seven. The Nijmegen Otitis Media Study is a large 
cohort study in which three groups were formed on the basis of the history of 
OME between the second and fourth birthdays: one group with bilateral OME and 
no surgical treatment, one group with bilateral OME and treatment with ventila-
tion tubes, and a control group with no OME. The children were then tested at 
the age of seven for various aspects of their language, reading, and spelling ability 
(Grievink et al., 1993; Peters et al., 1994). 
In the present study two specific questions are investigated. The first question 
is whether or not the OME subjects with an additional risk for later language, 
reading, and spelling problems produce lower scores at the age of seven than the 
OME subjects with no additional risk. Four groups of children were formed: those 
with or without a history of OME together with those with or without an addi-
tional risk factor. The second question is whether or not an increased number of 
risk factors appears to increase the detrimental effects of OME on later language, 
reading, and spelling ability. In this study, a low educational level for both of the 
parents, male gender, low non-verbal intelligence, preterm birth and LBW, and 
Dutch as a second language (L2 subjects) are considered risk factors. 
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Method 
Subjects 
A birth cohort of 1439 children born between September 1, 1982, and August 31, 
1983, in Nijmegen (a mid-sized town of 145,000 inhabitants in The Netherlands), 
formed the basis of this study. Of these children, 1328 were screened for OME by 
tympanometry every three months between the ages of two to four years 
(Zielhuis, Rach, & van den Broek, 1989). The children were screened on nine 
occasions. The reliability and validity of the tympanometer had been tested in 
pilot studies (Zielhuis et al., 1989). The tympanometric data were classified into 
four types according to a modified version of the method described by Jerger 
(1970): type A, type Ci/ type C2, and type B. A type-B tympanogram was taken as 
evidence of OME. 
At the time of a school-age follow-up (i.e., when the children were seven to 
eight years) 131 of the 1328 children had moved to another region, and the 
parents of 37 children had indicated at the end of the preschool screening not to 
be interested in further participation. The remaining 1160 children were invited 
to participate in this follow-up study between September 1990 and February 1991, 
of which 946 children attended. All 946 children underwent otomicroscopy, tym­
panometry, and audiometry. An ENT history was taken of the period between the 
last preschool screening and the present study. Audiological and otological cha­
racteristics of the total group are described elsewhere (Schilder, Zielhuis, Haggard, 
& van den Broek, 1995; Schilder, Zielhuis, Straatman, & van den Broek, 1993). A 
smaller sample, namely those children who had had bilateral B-tympanograms 
on at least two consecutive occasions between the ages of two and four (OME 
subjects), and those who had never shown bilateral type В or C2-tympanogram 
(control subjects), were invited to take part in the measurement of language, 
reading, and spelling achievement. Of the 395 children who were asked to par­
ticipate in this specific follow-up study, 305 (78%) were finally examined. Three 
groups of subjects were then formed: untreated OME subjects (n = 151), treated 
OME subjects (n = 37), and control subjects without ОМЕ (и = 82). Children who 
had a first language other than Dutch (L2), 35 children, were studied separately in 
this study. This group consisted of 20 non treated OME children, one treated 
child, and 14 control children. 
Materials 
In the present study, various tests of language ability were selected on the basis of 
the different aspects of language ability that can be distinguished (Bachman, Van-
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niarajan, & Lynch, 1988; Carroll, 1968; van Bon, 1992). Two subtests from the Lan-
guage Tests for Children ('Taaltests voor Kinderen'; van Bon, 1982) were used to 
establish the children's general language ability. The morphological Word Forms 
Production test was used because this is a good indicator of a general language 
factor (van Bon, 1992), and because morphological competence has been demon-
strated to be sensitive for abnormal language development (Johnston & Shery, 
1976; Morehead & Ingram, 1973; Vogel, 1983; Wiig, Semel, & Crouse, 1973). The 
Concealed Meanings test is receptive in nature, and concerns the child's under-
standing of the non explicit content of sentences. There is evidence that children 
with hearing impairments have problems in recognizing the non explicit in-
formation in text (Quigley & Paul, 1989) of which the Concealed Meanings test is 
supposed to provide a measure. The Word Forms Production test and the Con-
cealed Meanings test have been shown to load on different factors (van Bon, 
1984). 
Each of the 35 items on the Word Forms Production test consists of two sen-
tences. A simple form of the relevant word is used in the first sentence, while the 
experimenter points at a picture. In the second, open-ended sentence, the in-
flected form of the same word has to be provided by the subject while the 
experimenter points at a second picture. For example, 'Hier zie je één stad. Hier 
zie je twee ...' (Here you see one city. Here you see two ...). The correct answer to 
this item is the irregular plural 'steden'. In order to avoid ceiling scores, the items 
mainly concern irregular and strong word forms. Inflected forms elicited are past 
participles, diminutives, plurals, comparatives, and superlatives. The total num-
ber of correct answers is counted. 
In the Concealed Meanings test the child has to match one of two pictures to a 
sentence that presupposes or implies certain information. The sentence 'Moeder 
zit ook op de fiets' (Mother is riding a bicycle too) implies that others are riding a 
bicycle as well, and that the picture showing several people riding a bike (one of 
them being a woman) must therefore be chosen. Some items require recognition 
of the truth of the object clause in case of factive verbs, for example, 'De man ziet 
niet dat de vaas valt' (The man does not see that the vase is falling). Other items 
concern the truth value of 'counterfactual' construction like 'Als de man had 
opgelet, was hij niet tegen de boom gereden' (If the man had paid attention, he 
would not have run into the tree). A last group of items tests the understanding 
of the implications of a variety of words, such as the spatial relation between 
speaker and listener implied by 'come' in: 'Annie zegt tegen haar hond: kom 
maar binnen' (Annie says to her dog: do come in), or the present state implied by 
'nog niet' (not yet) in ; 'De emmer is nog niet vol' (The bucket is not yet full). 
This test consists of 33 items, and the total number of correct choices is counted. 
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Three tests of phonological ability were selected because phonological ability is 
assumed to be highly susceptible to the effects of the hearing loss associated with 
OME, and phonological ability appears to play a crucial role in learning to read 
and write (Stanovich, 1986). Tests for phonemic segmentation, sound blending, 
and auditory discrimination were used. The former two allegedly test phonemic 
awareness (Stanovich, Cunningham, & Cramer, 1984), which has been shown to 
determine the child's success in early reading and spelling (Lundberg, Frost, & 
Petersen, 1988; Vellutino & Scanlon, 1987). Furthermore, metalinguistic skills are 
not well developed in language disordered children (Lahey, 1988). Phonemic 
awareness has been extensively investigated in phonologically disordered 
children. On various tasks, phonologically disordered children perform less well 
than normal children (Magnusson, 1991). Kamhi, Lee, and Nelson (1985) found 
that children with specific language impairment have more difficulty segmenting 
words, syllables, and phonemes than age- or language-matched peers. The Audi-
tory Discrimination test was used to document speech perception acuity. 
The three tests in the area of phonological ability used real words and pseudo-
words. A pseudoword is a pronounceable but meaningless sequence of speech 
sounds that obeys phonological rules of Dutch word formation. The contrast 
between real words and pseudowords offers us to examine the effect of lexical 
knowledge on word recognition (Bryant & Bradley, 1980). 
In the Phonemic Segmentation test the children had to divide spoken words 
into their constituent phonemes, and in the Sound Blending test the children 
were asked to blend separate phonemes into a whole word. Both tests consisted of 
30 items: 15 monosyllabic real words and 15 monosyllabic pseudowords. About 
half of the real words were selected in a high frequency word list (Staphorsius, 
Krom, & de Geus, 1988), while the other half came from a list in which words 
were grouped according to their structure (Bakker, 1971). Words that the children 
in the sample could be expected to recognize were selected for use. The seg-
mentation test consisted of ccvcc (3), cvccc (3), cccvc (3), ccvccc (3), cvcccc (2) and 
cccvccc (1) words. The Sound Blending test consisted of ccvcc (3), cvccc (3), cccvc 
(3), ccvccc (3), and cccvccc (3) structure words. The pseudowords were created by 
changing the vowels of the real words, preferably with a vowel of the same 
category, which kept the phonemic material of the pseudowords highly similar to 
that of the real words. Again the number of correct answers was counted. 
The Auditory Discrimination test was constructed after Wepman's test (1973). 
Children were asked to judge whether or not two monosyllabic spoken words 
were equivalent. Unequal pairs were made up of minimally contrasting words 
like 'muis' (mouse) and 'huis' (house). The test consisted of 18 pairs of real words 
and 18 pairs of pseudowords. To each series, five identical pairs of words were 
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added. Ten of the real word pairs were selected from a subtest of the Language 
Tests for Children ('Taaltests voor Kinderen'; van Bon, 1984), and the eight new 
pairs were constructed using the same basic principles. Pseudowords were created 
by changing the non target phonemes of real words with other phonemes of the 
same class, (e.g. a short vowel); the real word pair 'tam-tang' (tame-tongs) was so 
converted to the pseudoword pair 'tum-tung'. The items were recorded on tape 
by a speech-language pathologist, and the number of correct judgements ('un-
equal', 'equal') was counted. 
Because of the limited time available for testing, reading tests had to be re-
stricted to the word and sentence level. Three reading tests were used to test word 
decoding ability and comprehension of written sentences: the One-Minute-Test, 
the Word Recognition test, and the Sentence Verification test. 
The One-Minute-Test (Brus & Voeten, 1979) is a standardized test that is fre-
quently used to measure decoding ability. It is highly correlated with tests for 
reading text aloud (Mommers, 1987). Words ordered according to difficulty are 
read aloud as fast and as accurately as possible. The number of words read correct-
ly within one minute constitutes the test score. 
The Word Recognition test (adopted from van den Bosch, 1991) uses real 
words and pseudowords consisting of four orthographical structures: 14 eve's, 7 
evec's, 7 ceve's, 14 ccvcc's. All of the words can be read correctly by applying 
simple grapheme-phoneme correspondence rules. An Apple-II GS computer 
with two monitors (one for the subjects and one for the experimenter), a voice-
key, and a microphone were used to present the words and register the response. 
The real words were all high frequency words for children according to 
Staphorsius, Krom, and de Geus (1988). They were selected in such way that the 
three vowel grapheme classes of written Dutch - single letter vowels, homo-
geneous vowel digraphs (e.g. 'aa' or 'oo') and heterogeneous vowel digraphs (e.g. 
'eu' or 'ui') - occurred as equally as possible in the words of a particular 
orthographic structure, and, taken over all words, the different vowel graphemes 
were used about equally. Furthermore, care was taken that no more than two 
words began or ended with the same single consonant or consonant cluster. The 
pseudowords were created by changing the vowel graphemes of the real words to 
others of the same grapheme class. For example, the real words 'jaar' (year) and 
'boek' (book) were converted into the pseudowords 'juur' and 'beik' respectively. 
The real words and pseudowords were presented in blocks. The presentation of 
the words within each block was randomized for each subject, and the sequence 
of the blocks was alternated systematically over the subjects. At the beginning of 
each block there were five practice trials. Each trial started with a short auditory 
attention signal, and at the same time a fixation point appeared in the centre of 
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the screen. Presentation of the word followed immediately. The maximal expos-
ure duration of the target was ten seconds. The response latency was determined 
for each trial by measuring the time between the onset of the target stimulus and 
the verbal response of the subject. By pushing buttons on the computer keyboard 
the experimenter indicated whether the stimulus was identified correctly and 
whether the clock was stopped correctly by the verbal response of the subject. The 
median response latency for the correct responses to each word structure was 
calculated. 
The Sentence Verification test (van den Bosch, 1991) is a test of sentence com-
prehension. Short sentences consisting of high frequency monosyllabic words 
were used. There were two types of sentences: 15 semantically correct (e.g., 'de 
lamp is aan' (the lamp is on)) and ten semantically incorrect (e.g., 'een kat is een 
plant' (a cat is a plant)). The child was to indicate whether or not the sentence was 
correct by pushing the 'yes' or the 'no' buttons, which were connected to an 
Apple-II GS computer. The sentences were shown one-by-one on the computer 
screen, in random order for each subject. Exposure duration was limited to a 
maximum of ten seconds. There were five practice trials; response latencies and 
accuracy were registered. 
A grapheme test was administered in order to study knowledge of simple 
spelling-sound correspondence rules. The children were asked to write down ten 
of the most difficult graphemes, which are predominantly digraphs: 'ch', 'eu', 
'ou', 'au', 'ei', 'ij', 'b', 'm', 'ui', 'e'. The experimenter recited a phoneme and a 
word with that particular phoneme in it. The phonemes were dictated in the 
same order for all subjects, and when a phoneme could be written in two differ-
ent ways, the child was asked to do so. 
A spelling test was also administered that consisted of 15 real words and 15 
pseudowords. The real words were high frequency words in children's literature 
(Staphorsius et al., 1988). A few additional words were selected from a list of 
words grouped by structure (Bakker, 1971). Pseudowords were created by replacing 
the vowel graphemes of the real words with others of the same grapheme class. 
The following structures were used: 3 ccvcc's, 3 cvccc's, 2 cvcccc's, 3 cccvc's, 3 
ccvccc's, and 1 cccvccc. Words were selected that could be written correctly by 
applying simple phoneme-grapheme correspondence rules. Real words and 
pseudowords were presented blockwise. The children were randomly presented 
one of two possible block sequences. For practical reasons, the order of the words 
within each block was the same for all children. The child was requested to repeat 
each word correctly and then to write the word. When the target was repeated 
incorrectly by the child, the experimenter repeated the word up to a maximum of 
three times. 
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The Coloured Progressive Matrices (Raven, 1965, van Bon, 1986) was admin-
istered as a non verbal test of intelligence 
Parents were asked to complete 'questionnaires' that contained questions 
about the educational level of both parents Information about the first language 
of children, preterm birth and birthweight was collected from questionnaires 
used in the first part of the Nijmegen Otitis Media Study, when the children were 
aged three years 
Procedure 
The follow-up data were collected between September 1990 and February 1991 at 
the Department of Otorhinolaryngology of the Nijmegen University Hospital 
The testing order was determined by the dates of birth of the subjects About two 
weeks before the examination date parents received information about the study 
and an invitation with a given date and time 
The reading and spelling tests were administered by the first two authors, who 
were unaware of the OME histories of the subjects All subjects were tested 
individually All tests were administered in the same order After the parents 
gave permission, questionnaires were sent to the teachers of the children 
Analyses 
To study the effects of OME m combination with risk factors on language ability 
and educational attainment, two approaches were followed 
First, it is expected that the performance of OME subjects will be lower if an 
additional risk factor is present 
In order to test this hypothesis of primary interest, four groups of subjects were 
ordered in a two-way lay-out One factor is the level of risk subjects are exposed to 
(high and low) The other factor is the presence of OME (OME subjects versus 
controls) The hypothesis is formulated m the following specific contrast the 
effect of OME in subjects who have an additional risk is larger than in subjects 
without this risk In this way an interaction effect is defined 
The hypothesis assumes that there is indeed a risk factor This is verified by 
testing the effect of the risk factor in the control subjects 
An additional question is whether OME subjects with an additional risk in fact 
profit from treatment with ventilation tubes This is statistically tested by com-
paring OME subjects with an additional risk with a treated group of OME subjects 
(OME-VT subjects) with an additional risk The data of this contrast analysis were 
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only considered when the interaction between OME and the additional risk factor 
proved to be significant. 
In the second approach it is expected that the more risk factors are present, the 
larger will be the negative effect of OME on the child's performance. In other 
words, it is suggested that the effect of OME is small when there is no other risk 
factor, somewhat larger with one additional risk factor and substantial when 
more than two risk factors coincide. This question is statistically tested by com-
paring the trend of each effect at three levels of additional risk (0,1 or more). 
The language and educational achievement measures of the variables were 
similarly grouped for the different MANOVAs as in Grievink et al. (1993) and 
Peters et al. (1994) (see Table 1). 
Table 1 Overview of the grouped tests used in the different MANOVAs 
Language tests General language 
Phonological ability 
Word Forms Production test 
Concealed Meanings test 
Phonemic Segmentation test 
real and pseudowords 
Sound Blending test 
real and pseudowords 
Auditory Discrimination unequal pairs 
real and pseudowords 
Auditory Discrimination equal pairs 
real and pseudowords 
Readmg and 
spelling tests 
Grapheme knowledge 
Spelling 
Reading 
Grapheme Knowledge test 
Spelling test 
real and pseudowords 
One-Minute-Test 
Word Recognition test 
percentage correct and latency 
real and pseudowords 
Sentence Verification test 
percentage correct and latency 
correct and incorrect sentences 
Results 
In the first part of this section, the effects of OME together with a single risk factor 
will be considered. One-tailed tests were used. In the second part of this section, 
the effect of a number of risk factors together with OME will be considered. 
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Combined effect of a single risk f actor plus OME 
The characteristics of the OME (151) and control subjects (82) are presented in 
Table 2. As revealed by either a x2-test or a f -test, there were no significant 
differences between the OME subjects and the control subjects with regard to gen­
der, χ2 (1, N = 233) = 3.45, ρ = .06; grade level, χ 2 (3, N = 233) = 1.36, ρ = .72; age, t 
(231) = .13, ρ = .90; or intelligence, t (231) = .40, ρ = .69. 
Table 2 Characteristics of OME and control subjects at time of follow-up 
Variable 
Sex male 
female 
Grade 3 
4 
5 
special education 
Age (in months) 
Coloured Progressive Matrices (raw scores) 
OME-subjects 
(n = 151) 
80 
71 
13 
122 
14 
2 
92 97 (2 00) 
57 8 (7 4) 
Controls 
(n = 82) 
33 
49 
6 
67 
9 
0 
92 94 (2 01) 
56 6 (19 1) 
Note Abbreviations see the list of abbreviations on page IX 
Educational level of parents 
In analysing the data with the educational level of the parents as the risk variable, 
the children of parents with a low educational level constituted the risk group 
(see Appendix A for the descriptive statistics). Of the 151 children in the OME 
sample, 25 were found to have two parents with a low educational level and 109 
were found to have one or two parents with a higher educational level Of the 37 
children with OME and treatment with ventilation tubes, eleven were found to 
have two parents with a low educational level and 24 otherwise Of the 81 sub­
jects without OME, 18 belonged to the high risk group and 51 belonged to the low 
risk group. 
There were no interaction effects of the educational level of the parents and 
OME on general language ability (WFP and CM (F < 1)), phonological ability (AD 
unequal and equal pairs (F < 1)), (PS and SB (F < 1)), grapheme knowledge (GK (F 
< 1)), spelling (SP (F < 1)), and reading (OMT (F < 1), (WR F (4,187) = 1 42, ρ = 11), 
(SV (F < 1)). 
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There were differences in the predicted direction of the levels of the educa­
tional level of the parents in the non-OME group for general language ability 
(WFP and CM F (2, 235) = 4.52, ρ < .01; the univariate test of WFP was significant 
F (5, 236) = 8.95, ρ < .01), spelling (SP F (2, 235) = 2.28, ρ = .05; the univariate tests of 
real words F (5, 236) = 4.48, ρ < .05 and pseudowords F (5, 236) = 2.85, ρ < .05 were 
significant), and reading (OMT F (1, 234) = 5.17, ρ < .05; WR F (4, 187) = 1.96, ρ = 
.05; the univariate test of latency of pseudowords was significant F (5,190) = 3.90, ρ 
< .05). No differences were found for phonological ability (AD unequal and equal 
pairs (F < 1), PS and SB (F < 1)), grapheme knowledge (GK (F < 1)), or sentence 
verification (SV F (4, 205) = 1.11, ρ = .18). 
OME apparently has no additional negative effect on language, reading, and 
spelling ability in subjects of parents with a low educational level. The general 
language, reading, and spelling abilities of the children of parents with a low 
educational level are relatively poor, but a low educational level of parents does 
not appear to constitute a risk factor for phonological ability and sentence veri­
fication. 
Gender 
The OME group consisted of 80 boys and 71 girls, the OME-VT group consisted of 
23 boys and 14 girls, and the control groups consisted of 33 boys and 49 girls (see 
Appendix В for the descriptive statistics). There was no interaction effect for 
gender and OME for general language ability (WFP and CM (F < 1)), phonological 
ability (AD unequal and equal pairs (F < 1), (PS and SB (F < 1)), grapheme know­
ledge (GK (F < 1)), or reading (OMT F (1, 262) = 1.39, ρ = .12; WR F (4, 208) = 1.52, ρ 
= .10; SV (F < 1)). However, there was a multivariate interaction on spelling (SP F 
(2, 263) = 3.34, ρ < .05). The univariate test of the pseudowords was significant (F 
(1, 264) = 5.18, ρ < .05), as can be seen in Figure 1. The estimate of the parameter of 
the interaction effect was .08. Since the Root MSE was .24, the effect was .08/.24 = 
.33. This means that the effect was one third of the within group variability. 
In the non-OME group, there were differences between the boys and the girls 
for spelling (SP F (2, 263) = 2.63, ρ < .05), but none of the univariate tests proved to 
be significant. There were no differences in general language ability (WFP and 
CM F (2, 263) = 1.85, ρ = .08), phonological ability (PS and SB (F < 1) and AD un­
equal and equal pairs (F < 1)), grapheme knowledge, (GK (F < 1)), or reading 
(OMT (F (1, 262) = 1.15, ρ = .14; WR F (4, 208) = 1.26, ρ = .14; and SV (F < 1)). 
As an interaction effect for spelling of pseudowords was found, the effect of 
treatment with ventilation tubes was examined for the boys. No significant differ­
ence in the spelling scores for the treated and non treated boys with OME was 
found (F < 1), however. 
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Figure 1 Mean percentage of correctly spelled words for OME and control subjects, split by gender 
Early OME appears to affect the later spelling performance of boys. In the non-
OME group no differences were found between boys and girls with regard to lan­
guage ability, phonological ability, spelling and reading. Treatment with ventila­
tion tubes was not found to affect the spelling performance of the boys with OME. 
Non-verbal intelligence 
The children were divided into two groups. A risk group consisting of all the 
children scoring below the 15 percentile on the Raven Coloured Progressive 
Matrices was compared to the remaining children. Of the 151 OME subjects, 16 
were at risk; of the 37 OME-VT subjects, seven were at risk; of the 82 control 
subjects, 13 were at risk (see Appendix С for the descriptive statistics). There was 
no interaction between intelligence and OME for general language ability (WFP 
and CM (F < 1)), phonological ability (AD unequal and equal pairs (F < 1); PS and 
SB (F < 1)), grapheme knowledge (GK (F < 1)), spelling (SP (F < 1)), or reading 
(OMT (F < 1); WR F (4, 208) = 1.73, ρ = .07; SV (F < 1)). 
There was an effect of intelligence within the non-OME group on general 
language ability, (WFP and CM (F (2, 263) = 8.41, ρ < .001); (both univariate tests 
were significant, WFP (F (5, 264) = 4.34, ρ < .05; CM (F (5, 264) = 16.65, ρ < .0001), 
phonological ability (PS and SB F (4, 261) = 1.95, ρ = .05; the univariate tests for 
phonemic segmentation were significant: real words (F (1, 264) = 2.89, ρ < .05), 
pseudowords (F (1, 264) = 6.25, ρ < .05)), grapheme knowledge (GK (F (1, 264) = 
5.30, ρ < .05), spelling (F (2, 263) = 3.48, ρ < .05; both univariate tests were signi­
ficant, real words (F (1, 264) = 6.53, ρ < .05), pseudowords (F (1, 264) = 3.32, ρ < .05), 
and reading (OMT F (1, 262) = 3.30, ρ < .05; WR F (4, 208) = 2.79, ρ < .05; the uni­
variate tests of the percentage correct for both word types were both significant: 
real words F (1, 211) = 10.01, ρ < .01, pseudowords F (1, 211) = 3.16, ρ < .05). There 
were no effects on auditory discrimination (AD unequal and equal pairs (F < 1)) 
or sentence verification (SV (F < 1)). 
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The combination of a low non-verbal intelligence and OME does not appear to 
have a detrimental effect on language, reading, or spelling ability. A low non­
verbal intelligence alone appears to decrease a child's general language ability, 
phonological segmentation skills, grapheme knowledge, and spelling and reading 
ability but does not appear to influence auditory discrimination or sentence 
verification. 
Preterm birth and/or low birthweight 
Children with a gestational age less than 32 weeks and/or LBW children with a 
birthweight of less than 2500 gram constituted the risk group in these analyses. Of 
the 138 OME subjects, 13 belonged to the risk group. Of the 37 OME-VT subjects 
four belonged to the risk group. Of the 80 control subjects, two belonged to the 
risk group (see Appendix D for the descriptive statistics). There was no interaction 
of preterm birth and LBW with OME for general language ability (WFP and CM 
(F < 1)), phonological ability (AD unequal and equal pairs (F < 1); PS and SB (F (4, 
246) = 1.71, ρ = .07), grapheme knowledge (GK (F < 1)), spelling (SP (F < 1)), or sen­
tence verification (SV (F (4, 217) = 1.15, ρ = .07). However, there were interactions 
for reading (OMT F (1, 247) = 3.44, ρ < .05; WR F (4, 194) = 8.07, ρ < .001; the uni­
variate tests of the percentage correct for the words and the latency of the words 
were both significant, (F (1, 202) = 4.78, ρ < .05 and F (1, 202) = 18.12, ρ < .001, 
respectively), but the effects were not in the predicted direction as can be seen in 
Figures 2, 3 and 4. 
There was an effect of preterm birth and low birthweight in the control group. 
Both subjects with the risk factor showed the poorest scores: phonological ability 
(AD unequal and equal pairs (F < 1); PS and SB F (4, 246) = 3.26, ρ < .05; both uni­
variate tests were significant, real words (F (1, 249) = 11.22, ρ < .001) and pseudo-
words F (1, 249) = 11.59, ρ < .001)), reading (OMT F (1, 247) = 4.28, ρ < .05; WR F (4, 
194) = 8.88, ρ < .001; all univariate tests were significant, percentage correct of 
words (F (1,197) = 23.16, ρ < .001) and pseudowords (F (1,197) = 5.37, ρ = .02), the 
latency of the words (F (1,197) = 10.64, ρ < .01) and pseudowords (F (1,197) = 5.69, 
ρ = .05)). There was no effect on general language ability (WFP and CM F (2, 248) = 
1.82, ρ = .16), grapheme knowledge (GK F (1, 249) = 2.27, ρ = .13), spelling (SP F (2, 
248) = 1.05, ρ = .35), and sentence verification (SV F (4, 217) = 1.06, ρ = .38). 
There seems to be no specific effect of OME when it co-occurs with preterm 
birth and LBW. Preterm children and/or children with a low birthweight have 
lower scores than controls for phonological ability, spelling, and reading. They 
did not differ from the controls in general language ability, auditory discrimina­
tion, grapheme knowledge, or sentence verification. It should be noted, however, 
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that both of the subjects in the risk group without a history of OME, produced 
particularly poor results when compared to the other subjects. 
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Figure 2 Mean number of correct answers on the One-Minute-Test for OME and control subjects, 
split by the risk variable gestational age and birthweight 
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Figure 3 Mean percentage of correct answers on the Word Recognition test for OME and control 
subjects, split by type of words, real words and pseudowords, and split by the risk 
variable gestational age and birthweight 
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Figure 4 Mean latency of correct answers on the Word Recognition test for OME and control 
subjects, split by type of words, real words and pseudowords, and split by the risk 
variable gestational age and birthweight 
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Additional analyses 
Preterm and LBW children nevertheless form a special risk group because they 
seem to be very susceptible to OME (Pearce et al., 1988; Engel, Anteunis, Hendriks, 
& Marres, 1996). Because of the high number of preterm and LBW children with 
a history of OME in our study, only two children could be found with this risk but 
without a history of OME, this group was compared with control children 
without this risk or a history of OME in an additional analysis. 
There were no significant differences between the preterm and LBW subjects 
with a history of OME and the control subjects in general language ability (WFP 
and CM F (2, 248) = 1.88, ρ = .16), auditory discrimination (AD unequal and equal 
pairs F (4, 245) = 1.31, ρ = .27)), reading of real words (OMT (F < 1)), and sentence 
verification (SV (F < 1)). However, there were significant differences in 
phonological ability (PS and SB F (4, 246) = 2.63, ρ < .05; the univariate tests of 
phonemic segmentation were significant, real words F (5, 249) = 8.58, ρ < .01 and 
pseudowords F (5, 249) = 3.61, ρ < .05; the univariate test of sound blending was 
significant, real words F (5, 249) = 5.22, ρ < .05), grapheme knowledge (GK F (1, 
249), ρ < .01), spelling (SP F (2, 248) = 2.38, ρ < .05; the univariate tests were sig­
nificant, real words F (5, 249) = 4.73, ρ < .05 and pseudowords F (5, 249) = 4.00, ρ < 
.05), and reading (WR F (4, 194) = 2.06, ρ < .05; the univariate tests of the per­
centage correct were significant, real words F (5,197) = 3.06, ρ < .05, and pseudo-
words F (5, 197) = 5.15, ρ < .05). Furthermore, the non-verbal intelligence levels of 
these subjects also appeared to be significantly lower than those of the controls (F 
(1, 249) = 4.36, ρ < .05)). 
The results showed preterm and LBW children have lower scores than the 
controls for non-verbal intelligence, phonological ability, grapheme knowledge, 
spelling and reading but not for general language, auditory discrimination, or 
sentence verification. 
First language 
There were 35 children with a first language other than Dutch (L2 children). As 
described earlier, there were 270 subjects with Dutch as a first language (LI). The 
distribution across the L2 subjects was: 14 OME subjects, 1 OME-VT subject, and 20 
control subjects. The L2 subjects were compared to the children with Dutch as a 
first language. The characteristics of the children can be found in Table 3, and the 
descriptive statistics can be found in Appendix E. There were no differences 
between the LI subjects and the L2 subjects in age (f (267) = 1.51, ρ = .13), gender 
(χ2 (1, η = 267) = .68, ρ = .42), or grade level (χ2 (3, π = 267) = 2.81, ρ = .42). There 
was a difference in the intelligence levels for the two groups (t (267) = 3.78, ρ < 
.001). The L2 subjects had poorer scores than LI subjects on the non-verbal intelli-
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gence test. The educational levels of the parents were not useful because of the 
high number of cases missing information in the L2 group: mother (29/34) and 
father (31/34). 
Table 3 Characteristics of subjects* with Dutch as a first language (LI) and subjects with a first 
language other than Dutch (L2), at time of follow-up 
Variable 
Sex male 
female 
Grade 3 
4 
5 
special education 
Age (in months) 
Coloured Progressive Matrices (raw scores) 
LI subjects 
(n = 233) 
113 
120 
19 
189 
23 
2 
92.96 (2.00) 
25.18 (4.26) 
L2 subjects 
(и = 34) 
14 
20 
5 
25 
3 
1 
92.41 (1.84) 
22.15 (5.01) 
* Subjects treated with ventilation tubes are not included. 
There were no interaction effects for first language and OME on general language 
ability (WFP and CM (F < 1)), phonological ability (PS and SB (F < 1); AD unequal 
and equal pairs (F < 1)), grapheme knowledge (GK (F < 1)), or reading (OMT (F (1, 
297) = 1.36, ρ = .12)). There was an interaction effect on spelling (F (2, 295) = 2.77, ρ 
< .05; both univariate tests were significant, real words F (1, 301) = 3.91, ρ < .05 and 
pseudowords F (1, 301) = 5.54, ρ < .01); the univariate interactions, however, were 
not in the predicted direction as can be seen in Figures 5 and 6. 
An effect of having a language other than Dutch as a first language was ob­
served for general language ability, (WFP and CM F (2, 298) = 75.16, ρ < .0001; both 
univariate tests were significant, WFP F (5, 299) = 141.08, ρ < .0001 and CM F (5, 
299) = 8.07, ρ < .01), spelling (F (2, 295) = 2.65, ρ < .05; both univariate tests were 
significant, real words F (5, 296) = 3.95, ρ < .05 and pseudowords F (5, 296) = 5.31, ρ 
< .05) and reading (WR F (4, 239) = 2.39, ρ = .05; there was a significant univariate 
effect on percentage correct of real words F (1, 246) = 4.61, ρ < .05), (SV F (4, 260) -
2.56, ρ < .05; there was a significant univariate effect on the percentage correct of 
correct sentences F (4, 267) = 6.47, ρ < .05). There were no effects of this variable on 
phonological ability (AD unequal and equal pairs F (4, 295) = 1.63, ρ = .08; PS and 
SB F (4, 295) = 1.49, ρ = .10), grapheme knowledge (GK F (1, 299) = 1.21, ρ = .14), and 
reading (OMT F (1, 297) = 1.67, ρ = .10; WR (F < 1)). 
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The results suggest that having a language other than Dutch as a first language 
constitutes a risk factor for language, spelling, and reading ability Combined with 
a history of OME, however, the problems do not become worse 
80 η 
percentage 
correct 70 
60 
50 
First language other than Dutch (L2) 
Dutch as a first language (LI) 
OME subjects control subjects 
Figure 5 Mean percentage of correctly spelled real words for OME and control subjects, split by 
the first language of the subjects, Dutch as a first language and a first language other 
than Dutch 
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Figure 6 Mean percentage of correctly spelled pseudowords for OME and control subjects, split by 
the first language of the subjects, Dutch as a first language and a first language other 
than Dutch 
Interaction effect of OME and a number of risk f actors 
If OME in and of itself is not enough to negatively affect language and literacy but 
might do so in combination with other risk factors, the effect of OME should 
become larger with an increasing number of risk factors To consider this issue 
trend analyses were performed with the following risk variables educational 
level of both parents, gender, gestational age and birthweight, and non-verbal 
intelligence The variable 'number of risk factors' was added and consisted of 
three levels no risk factor, one risk factor, two or more risk factors (see Appendix 
F for the descriptive statistics) 
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There were no interaction effects for the number of risk factors and OME on 
general language ability (WFP and CM (F < 1)), phonological ability (PS and SB (F 
< 1); AD unequal and equal pairs (F < 1)), grapheme knowledge (GK F (2, 187) = 
1.11, ρ = .17), spelling (SP F (4,374) = 1.60, ρ = .09), reading of real words or pseudo-
words (WR F (8, 296) = 1.49, ρ = .08), and sentence verification (SV (F < 1)). There 
was a significant interaction effect on the reading of real words only (OMT F (2, 
186) = 2.91, ρ < .05), as can be seen in Figure 7. The effect was quadratic, (f (186) -
2.16, ρ < .05). 
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Figure 7 Mean number of correct answers on the One-Minute-Test for subjects with an increasing 
number of risk factors, split by OME and control subjects 
There was a main effect of the number of risk factors on general language ability 
(WFP and CM F (4, 374) = 7.73, ρ < .001; univariate tests: WFP F (2,187) = 7.18, ρ < 
.001; CM F (2, 187) = 14.22, ρ < .0001), phonological ability (PS and SB F (8, 370) = 
1.95, ρ < .05; the univariate tests of phonological segmentation were significant: 
real words F (2, 187) = 5.30, ρ < .01 and pseudowords F (2, 187) = 3.17, ρ < .05). 
There was also an effect on auditory discrimination (AD unequal and equal pairs 
F (8, 368) = 2.00, ρ < .05; the univariate test of real words of unequal pairs was sig­
nificant F (2, 186) = 4.62, ρ < .01), spelling (SP F (4, 374) = 3.81, ρ < .01; significant 
univariate tests: real words F (2,187) = 7.81, ρ < .001 and pseudowords F (2,187) = 
4.94, ρ < .01), and reading (OMT F (2,186) = 3.96, ρ < .05; WR F (8, 296) = 1.75, ρ < 
.05; the significant univariate tests were percentage correct of real words F (2,150) 
= 4.36, ρ < .01, pseudowords F (2,150) = 4.22, ρ < .01, and latency of real words F (2, 
150) = 2.99, ρ < .05), SV F (8, 324) = 1.92, ρ < .05; the univariate significant tests 
were: percentage correct of correct sentences F (2, 164) = 5.57, ρ < .001, incorrect F 
(2,164) = 2.68, ρ < .05, and latency of incorrect sentences F (2,164) = 3.10, ρ < .05)). 
The hypothesis that an increased number of risk factors might augment the 
effects of OME on language, reading and spelling ability does not appear to be con-
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firmed in this study. There was a significant interaction effect between OME and 
the number of risk factors on the reading of real words. As no other interaction 
effects were found, and the one significant showed a quadratic effect, the explana-
tion for this finding remains unclear. An increased number of risk factors gen-
erally has an increasingly detrimental effect on language, reading, and spelling 
performance, however. 
Discussion 
The results of the present study indicate that the combined effect of early bilateral 
OME and other risk factors is only small. 
The interaction of OME with one additional risk factor was investigated first. 
The results showed OME to produce no effects in combination with the single 
risk factors: low educational level, low non-verbal intelligence, preterm birth 
and/or low birthweight, and another language than Dutch as a first language. 
Only one of the predicted interaction effects was found: namely, boys with a 
history of OME showed a lower spelling ability than boys without a history of 
OME while girls with and without a history of OME did not show different scores. 
There was no effect of treatment with ventilation tubes. 
The possibility of more risk factors producing a larger effect of OME on lan-
guage, reading and spelling performance was investigated second. Although a 
negative linear relation between the number of risk factors and the language, 
reading, and spelling scores was found (suggesting that the risk factors indeed 
affect primary and secondary language skills), the results did not confirm the 
hypothesis of an incremental effect of OME in combination with an increased 
number of risk factors. 
In contrast to suggestions in the literature about possible interactions of OME 
with risk factors (Bishop & Edmundson, 1986; Roberts & Schuele, 1990), the 
present large-scale study with a systematic longitudinal design did not find such 
interactions. In the current study, a number of the shortcomings found in previ-
ous studies were also avoided. This study included a large number of children. 
The children were not selected because a birth cohort was used. The age range of 
the children was limited. The OME histories of the children were systematically 
documented using tympanometry, which is a reliable way of measuring OME 
(Zielhuis et al., 1989). In addition, the present study is the first prospective study 
to explicitly analyse the relation between OME and several other risk factors (i.e., 
one risk factor versus an increasing number of risk factors). Comparisons with 
other studies are difficult because in most of the recent prospective studies, the 
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relation between the OME and the risk variables is not studied explicitly. A few 
studies on the detrimental effects of preterm birth and low birthweight in com-
bination with OME constitute an exception. When risk factors have been in-
cluded, the ages of the children under study differ widely and mostly children in 
the preschool age are studied. These differences in the assessment for OME might 
also account for differences between studies, for example with the studies of Teele 
et al. (1990). Our study did not begin until two years of age. It is sometimes 
suggested that OME is particularly detrimental if it occurs in the first year of life. 
In the present study a significant interaction between OME and gender was 
found for spelling. Boys with OME performed particularly poorly in spelling. No 
interaction effects were found for OME and gender on language or reading ability, 
which corresponds to Roberts et al. (1994). 
Our finding of no interaction between OME and parental background is sup-
ported by the results of a few other prospective studies. Teele et al. (1990) found 
no significant interactions between socio-economic status of subjects and OME 
when later cognitive abilities were considered. Roberts et al. (1991) studied the 
later language performance of children between four and six years of age from 
lower or middle socio-economic status families. They specifically explored the 
roles of socio-economic status and OME but found only minimal differences. In a 
later study, Roberts et al. (1994) found no associations between OME groups from 
birth to eight and their intellectual development and academic performance at 
the age of eight although their sample was rather restricted and based on econ-
omically disadvantaged youngsters. 
No interactions between OME and preterm birth or low birthweight were 
found in this study. This corresponds to the findings of Gravel and Wallace 
(1992). In our study, a remarkably high number of preterm and LBW children 
with a history of OME was found (17/19). Zielhuis, Heuvelmans-Heinen, Rach, 
and van den Broek (1990) concluded on the basis of the first part of the Nijmegen 
Otitis Media Study that the contribution of birth-related variables to the pre-
diction of OME was low, but they used the internationally accepted definition of 
preterm birth (gestational age of less than 37 completed weeks). In many studies, 
as here, the criterion has been a gestational age of less than 32 weeks. Because of 
the high number of preterm and LBW children with a history of OME and 
because of the low number of preterm and LBW children without a history of 
OME (two subjects), this group was also compared in relation to control subjects 
without a history of OME. The results of these additional analyses showed the 
preterm and LBW children with a history of OME to have lower scores on non-
verbal intelligence, phonological ability, grapheme knowledge, spelling and read-
ing but not on general language, auditory discrimination, and sentence verifi-
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cation when compared to control children without a history of OME. Preterm 
children and LBW children with and without a history of OME can therefore be 
considered particularly at risk for later language and educational problems. 
The findings of the Nijmegen Otitis Media Study (Peters et al., 1994, and this 
study) have shown spelling to be particularly sensitive to the occurrence of OME. 
However, the effect was rather small. 
In interpreting the findings of the present study the question of whether the 
risk factors indeed constituted risk factors must be answered. Being a boy and 
having parents with a low educational level were not particular risk factors al-
though these factors did appear to affect some aspects of language, reading, and 
spelling, which may also explain the lack of interactions at least in part. 
The present study suggests that bilateral, long-standing OME between two and 
four years of age does not interact with a low educational level for the parents or 
a low non-verbal intelligence and does not affect a child's language, reading, or 
spelling ability at the age of seven. However, there seems to be a relation between 
gender and OME with boys' spelling influenced negatively by a history of OME. 
OME in combination with preterm birth and low birthweight also appears to put 
children at risk for later language and educational problems. 
The effects of OME seem to be frequently overestimated. The results of the 
present study and earlier studies (Grievink et al., 1993; Peters et al., 1994) show 
OME, even when combined with a number of other risk factors, to produce only 
minor effects on later language, reading, and spelling performance. 
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Appendix A 
Mean percentage correct and mean latency (SD in parentheses) of correct answers by subjects with 
and without OME with both parents with a low educational level as a risk factor on Language, 
Spelling, and Reading tests 
Tests risk OME Control 
1 n = 25 n = 18 
0 η = 109 и = 51 
WFP (raw scores) 
CM (raw scores) 
PS rw 
pw 
SB rw 
pw 
AD uprw 
uppw 
AD eprw 
e p p w 
GK 
SP rw 
pw 
OMT (raw scores) 
W R rw ace 
pw ace 
WR rw lat (milliseconds) 
pw lat (milliseconds) 
SV csacc 
is ace 
SV es lat 
is lat 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
22.1 
26.9 
21.3 
24.9 
69.0 
75.1 
67.4 
73.4 
74.1 
81.2 
64.1 
68.8 
87.5 
90.4 
82.9 
85.8 
91.5 
90.5 
87.7 
88.4 
79.6 
82.5 
58.7 
66.5 
57.2 
62.4 
37.9 
43.1 
95.4 
94.4 
88.4 
86.6 
1007 
899 
1311 
1306 
84.1 
86.2 
84.3 
85.7 
3544 
3703 
4521 
4419 
(5.8) 
(4.5) 
(4.5) 
(4.8) 
(22.3) 
(20.3) 
(22.1) 
(19.8) 
(23.3) 
(21.4) 
(24.9) 
(23.7) 
(15.6) 
(8.8) 
(13.0) 
(11.0) 
(12.9) 
(12.9) 
(16.1) 
(20.1) 
(21.6 
(20.5 
(24.0, 
(24.9 
(23.0 
(25.2 
(17.0 
(20.3 
(5.1 
(7.5 
(9.3 
(12.4 
(694 
(460 
(792 
(763 
(11.5 
(13.4 
(19.0 
(16.8 
(1162 
(1597 
(1754 
(1840 
23.5 
27.4 
23.3 
24.6 
73.0 
80.3 
69.3 
75.0 
80.0 
86.0 
68.5 
73.6 
89.8 
91.9 
86.4 
85.3 
90.0 
95.4 
93.3 
93.8 
87.2 
87.7 
60.0 
74.0 
58.9 
70.3 
34.1 
46.0 
95.4 
94.5 
85.9 
88.3 
1192 
977 
1846 
1360 
84.5 
88.5 
80.6 
89.2 
860 
352 
845 
038 
(4.7) 
(4.3) 
(4.3) 
(5.4) 
(22.6) 
(17.3) 
(20.7) 
(18.6) 
(18.3) 
(18.4) 
(21.2) 
(23.9) 
(7.7) 
(9.4) 
(8.1) 
(7.9) 
(15.7) 
(8.5) 
(11.9) 
(12.9) 
(14.5) 
(14.8) 
(22.8) 
(22.7) 
(26.0) 
(22.Q) 
(14.2) 
(18.4) 
(4.0) 
(97.0) 
(9.8) 
(9.7) 
(648) 
(678) 
(975) 
(780) 
(13.7) 
(12.4) 
(18.8) 
(13.3) 
(1113) 
(1311) 
(1677) 
(1460) 
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Appendix В 
Mean percentage correct and mean latency (SD in parentheses) of correct answers by subjects with 
and without OME and boys as a risk factor on Language, Spelling, and Reading tests 
Tests risk OME Control 
1 = boy π = 80 и = 33 
0 = girl η = 71 η = 49 
WFP (raw scores) 
CM (raw scores) 
PS rw 
pw 
SB rw 
pw 
AD uprw 
uppw 
AD eprw 
ep pw 
GK 
SP rw 
pw 
OMT (raw scores) 
W R rw ace 
pw ace 
WR rw lat (milliseconds) 
pw lat (milliseconds) 
S V es асе 
is асе 
SV es lat 
is lat 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
26 1 
26 0 
23 6 
24 7 
70 4 
75 7 
69 2 
72 8 
78 7 
80 5 
67 6 
67 8 
88 1 
90 5 
83 5 
85 2 
916 
90 4 
86 8 
9 1 3 
79 4 
83 4 
601 
68 6 
56 3 
65 0 
42 7 
4 1 1 
94 6 
94 1 
87 0 
86 3 
942 
917 
1284 
1387 
83 8 
86 6 
819 
87 8 
3856 
3578 
4657 
4357 
(5 1 
(4 3 
(5 2 
(4 9) 
(24 6) 
(16 5) 
(23 6) 
(18 2) 
(25 1) 
(19 5) 
(26 3) 
(21 6) 
(11 9) 
(9 6) 
(13 2) 
(10 7) 
(12 2) 
(13 0) 
(20 0) 
(17 1) 
(24 5) 
(17 6) 
(27 7) 
(210) 
(27 9) 
(21 3) 
213 
18 3 
(7 8) 
(6 4) 
(11 9) 
(12 2) 
(527) 
(503) 
(709) 
(827) 
(14 9) 
(10 3) 
(20 8) 
(12 1) 
(1589) 
(1338) 
(1791) 
(1728) 
27 7 
26 0 
23 5 
24 3 
77 4 
76 9 
73 7 
711 
87 7 
815 
76 0 
68 4 
90 2 
91 1 
84 8 
85 8 
921 
92 7 
90 9 
914 
83 9 
86 7 
70 7 
70 2 
70 7 
640 
38 7 
43 3 
93 6 
95 4 
88 3 
87 9 
959 
1106 
1485 
1522 
89 6 
87 6 
85 3 
86 7 
3697 
3494 
4616 
4296 
(4 6) 
(4 5) 
(5 2) 
(5 2) 
(22 5) 
(18 3) 
(22 4) 
(18 1) 
(17 5) 
(18 8) 
(23 1) 
(24 3) 
(7 7) 
(10 1) 
(9 1) 
(8 4) 
(13 2) 
(14 5) 
(14 2) 
(216) 
(16 8) 
(15 9) 
(21 2) 
(25 2) 
(19 6) 
(25 2) 
14 9 
19 0 
(6 3) 
(6 3) 
(8 3) 
(9 9) 
(423) 
(810) 
(755) 
(908) 
(117) 
(12 6) 
(14 8) 
(16 7) 
(1208) 
(1312) 
(1568) 
(1716) 
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Appendix С 
Mean percentage correct and mean latency (SD in parentheses) of correct answers by subjects with 
and without OME with low non-verbal intelligence as a risk factor on Language, Spelling, and 
Reading tests 
Tests risk OME Control 
1 и = 16 π = 13 
0 η = 135 η = 69 
WFP (raw scores) 
CM (raw scores) 
PS rw 
pw 
SB rw 
pw 
AD uprw 
uppw 
AD eprw 
eppw 
GK 
SP rw 
pw 
OMT (raw scores) 
W R rw ace 
pwacc 
WR rw lat (milliseconds) 
pw lat (milliseconds) 
SV cs ace 
is ace 
SV cs lat 
is lat 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
23 6 
26 8 
201 
25 3 
619 
76 2 
60 0 
74 2 
70 9 
82 1 
60 4 
69 9 
821 
914 
79 7 
85 7 
914 
910 
88 0 
89 2 
70 3 
846 
49 1 
68 6 
45 5 
64 9 
317 
44 9 
89 8 
95 5 
78 0 
88 9 
1273 
843 
1824 
1208 
80 9 
86 3 
83 0 
85 2 
4450 
3534 
5289 
4313 
(4 8) 
(4 5) 
(4 5) 
(4 6) 
(27 7) 
(17 7) 
(27 5) 
(17 8) 
(315) 
(18 5) 
(30 7) 
(214) 
(14 1) 
(8 7) 
(14 9) 
(10 7) 
(12 1) 
(12 8) 
(20 0) 
(18 4) 
(25 4) 
(19 1) 
(27 9) 
(22 4) 
(26 9) 
(23 1) 
(20 5) 
(18 8 
(111 
(5 2 
(16 9 
(9 2 
(755 
(391 
(929 
(668 
(17 2 
(114 
(213 
(16 3 
(1705 
(1355 
(1777 
(1709 
24 8 
271 
20 6 
25 3 
710 
79 4 
63 2 
75 7 
812 
851 
70 4 
719 
87 7 
92 0 
84 1 
86 0 
93 0 
92 2 
90 4 
915 
77 8 
88 6 
60 0 
74 5 
59 2 
69 6 
'35 6 
43 7 
90 2 
95 9 
84 0 
89 3 
1089 
1025 
1578 
1483 
86 7 
891 
84 0 
86 9 
3896 
3466 
4980 
4234 
(5 7) 
(3 9) 
(5 2) 
(4 6) 
(27 3) 
(15 9) 
(26 9) 
(15 2) 
(20 0) 
(18 0) 
(24 4) 
(24 0) 
(11 8) 
(7 7) 
(8 1) 
(8 9) 
(11 5) 
(14 9) 
(216) 
(17 9) 
(20 0) 
(13 4) 
(29 3) 
(19 7) 
(28 6) 
(20 3) 
(17 5) 
(17 1) 
(8 8) 
(4 6) 
(10 9) 
(8 2) 
(554) 
(698) 
(705) 
(878) 
(16 5) 
(10 4) 
(17 6) 
(15 3) 
(1094) 
(1311) 
(1612) 
(1634) 
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Appendix D 
Mean percentage correct and mean latency (SD in parentheses) oí correct answers by subjects with 
and without OME with preterm birth and/or low birthweight as a risk factor on Language, 
Spelling, and Reading tests 
Tests risk OME Control 
1 η = 13 и =2 
О и = 125 л = 78 
WFP (raw scores) 
CM (raw scores) 
PS rw 
pw 
SB rw 
pw 
AD uprw 
uppw 
AD eprw 
ep pw 
GK 
SP rw 
pw 
OMT (raw scores) 
W R rw ace 
pw ace 
WR rw lat (milliseconds) 
pw lat (milliseconds) 
S V es асе 
is асе 
SV es lat 
is lat 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
24 5 
26 4 
212 
24 5 
605 
74 2 
615 
72 0 
70 3 
80 5 
610 
68 3 
84 6 
89 7 
812 
915 
92 3 
915 
96 9 
84 9 
715 
82 5 
55 9 
64 6 
52 8 
610 
410 
4 1 7 
910 
94 7 
80 0 
87 2 
965 
953 
1722 
1349 
87 9 
84 8 
82 7 
84 4 
3813 
3772 
5154 
4545 
(5 5) 
(4 4) 
(4 2) 
(5 0) 
(30 4) 
(19 4) 
(317) 
(19 4) 
(30 0) 
20 8) 
(29 0) 
(23 4) 
(12 7) 
(10 6) 
(11 7) 
(12 8) 
(10 1) 
(12 8) 
(7 5) 
(114) 
(32 6) 
(20 1) 
(29 9) 
(23 7) 
(28 7) 
(24 8) 
(21 3) 
(20 1) 
(Π 0) 
(6 8) 
(17 3) 
(10 4) 
(432) 
(544) 
(972) 
(769) 
(8 9) 
(13 6) 
(19 0) 
(17 6) 
(981) 
(1555) 
(1475) 
(1821) 
20 5 
26 7 
20 0 
23 9 
30 0 
78 1 
23 3 
731 
60 0 
84 6 
53 3 
718 
97 2 
90 6 
917 
85 2 
90 0 
92 6 
90 0 
910 
65 0 
86 3 
43 3 
714 
40 0 
67 4 
14 5 
42 5 
80 1 
95 2 
71 1 
88 7 
846 
971 
725 
429 
66 7 
88 8 
70 0 
86 3 
778 
530 
995 
383 
(2 1) 
(4 6) 
(8 5) 
(5 1) 
(42 4) 
(18 3) 
(33 0) 
(18 2) 
(37 7) 
(17 9) 
(28 3) 
(24 1) 
(3 9) 
(9 3) 
(118) 
(8 7) 
(14 1) 
(14 1) 
(14 1) 
(19 2) 
(7 0) 
(16 2) 
(23 6) 
(23 5) 
(0 0) 
(23 3) 
(7 8) 
(17 2) 
(2 8) 
(5 9) 
(20 7) 
(8 5) 
(1977) 
(543) 
(1537) 
(773) 
0 0 
(12 1) 
0 0 
(16 0) 
(0) 
(1257) 
(0) 
(1654) 
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Appendix E 
Mean percentage correct and mean latency (SD in parentheses) of correct answers by subjects with 
and without OME with a first language other than Dutch as a nsk factor on Language, Spelling, and 
Reading tests 
Tests risk OME subjects Control subjects 
1 η = 14 η = 20 
О и = 151 η = 82 
WFP (raw scores) 
CM (raw scores) 
PS rw 
pw 
SB rw 
pw 
AD uprw 
u p p w 
AD e p n v 
e p p w 
GK 
SP rw 
pw 
OMT (raw scores) 
W R rw ace 
pw ace 
WR rw lat (milliseconds) 
pw lat (milliseconds) 
SV cs ace 
is ace 
SV cs lat 
is lat 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
131 
261 
218 
24 1 
80 0 
72 9 
78 0 
70 9 
89 5 
79 5 
78 6 
67 7 
79 8 
89 2 
78 6 
84 3 
95 7 
911 
84 3 
88 9 
77 9 
813 
70 3 
64 1 
68 2 
60 4 
317 
44 9 
94 8 
94 3 
901 
86 7 
840 
930 
1224 
1333 
76 2 
85 2 
82 1 
847 
3741 
3722 
4245 
4513 
(9 5) 
(4 7) 
(3 1) 
(5 1) 
(13 6) 
(21 3 
(14 4) 
(21 2 
(9 3 
(22 6 
(15 7 
(24 1 
(15 8 
(10 9 
(16 7 
(12 1 
(8 5 
(12 6 
(22 4 
(18 8 
(23 8 
(215 
(14 0 
(25 1 
(15 4 
(25 3 
(20 5 
(18 8 
(7 4 
(7 2 
(6 8 
(12 0 
(238 
(514) 
(699 
(766 
(12 7 
(12 9 
(13 7 
(17 4 
(1217 
(1474 
(1319 
(1761 
10 8 
26 5 
20 4 
23 9 
646 
771 
60 0 
72 2 
73 2 
84 0 
66 0 
715 
84 2 
90 8 
79 2 
85 4 
92 0 
92 4 
89 0 
912 
80 2 
85 6 
57 8 
70 4 
519 
66 7 
35 6 
43 7 
90 4 
94 6 
85 0 
88 1 
1167 
1040 
1549 
1505 
79 5 
88 4 
814 
86 1 
4190 
3581 
4645 
4433 
(8 4) 
(4 6) 
(4 9) 
(5 2) 
(29 3) 
(19 9) 
(29 8) 
(19 9) 
(26 5) 
(18 4) 
(31 9) 
(24 0) 
(15 6) 
(9 2) 
(18 0) 
(8 7) 
(22 8) 
(13 9) 
(13 7) 
(18 9) 
(24 1) 
(16 2) 
(318) 
(23 6) 
(32 3) 
(23 2) 
(17 5) 
(171) 
(12 9) 
(6 3) 
(10 8) 
(9 1) 
(707) 
(664) 
(980) 
(837) 
(16 8) 
(12 2) 
(21 8) 
(15 8) 
(1749) 
(1264) 
(1427) 
(1651) 
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Appendix F 
Mean percentage correct and mean latency (SD in parentheses) of correct answers by subjects with 
and without OME going together with the number of risk factors on Language, Spelling, and Reading 
tests 
Tests 
WFP (raw scores) 
CM (raw scores) 
PS rw 
pw 
SB rw 
pw 
AD uprw 
uppw 
AD ep rw 
ep pw 
GK 
SP rw 
pw 
OMT (raw scores) 
number of risks OME 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
22 7 
26 6 
271 
20 0 
24 4 
26 4 
62 2 
72 9 
815 
616 
716 
79 4 
68 9 
816 
82 5 
62 5 
68 0 
70 5 
84 5 
90 0 
92 5 
80 4 
85 8 
871 
90 5 
92 4 
89 5 
87 6 
87 3 
89 0 
73 3 
819 
86 2 
514 
62 4 
74 0 
49 2 
58 2 
718 
32 5 
44 0 
42 8 
(5 1 
(5 6 
(3 9 
(4 1 
(4 7 
(4 1 
(27 3 
(20 0 
(113 
(27 0 
(19 6 
(111 
(26 1 
(213 
(16 0 
(27 1 
(23 6 
(21 6 
(15 9 
(9 5 
(6 0 
(8 7 
(12 7 
(8 2 
(15 0 
(110 
(14 3 
(20 5 
(19 1 
(19 7 
(27 8 
(20 8 
(15 5 
(26 3 
(25 5 
(16 8 
(25 3 
(26 0 
(16 8 
(18 8 
(20 5 
(18 4 
23 6 
26 1 
27 8 
21 2 
23 3 
26 0 
73 3 
76 6 
821 
70 4 
72 5 
74 5 
83 7 
85 9 
83 1 
73 3 
73 3 
70 3 
87 7 
90 7 
93 4 
83 3 
86 3 
85 3 
86 7 
95 2 
95 4 
91 1 
92 7 
95 4 
88 9 
84 8 
912 
66 7 
65 1 
79 2 
65 9 
645 
718 
38 8 
38 3 
515 
Contro 
(4 9) 
(5 4) 
(3 2) 
(5 4) 
(5 3) 
(4 0) 
(33 7) 
(17 8) 
(13 7) 
(33 0) 
(16 9) 
(16 7) 
21 1) 
(17 9) 
(19 3) 
(22 4) 
(22 7) 
(25 5) 
(7 0) 
(9 9) 
(8 2) 
(7 9) 
(8 4) 
(7 7) 
(17 3) 
(10 0) 
(8 6) 
(10 5) 
(14 8) 
(10 3) 
(10 5) 
(17 0) 
(12 4) 
(24 3) 
(24 1) 
(20 9) 
(25 3) 
(24 4) 
(22 6) 
(113) 
(18 6) 
(16 9) 
[to be continued] 
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Appendix F (continued) 
Mean percentage correct and mean latency (SD in parentheses) of correct answers by subjects with 
and without OME going together with the number of risk factors on Language, Spelling, and Reading 
tests 
Tests 
W R rw ace 
pwacc 
WR rw lat (milliseconds) 
pw lat (milliseconds) 
SV csacc 
SV cs Iat (milliseconds) 
is lat (milliseconds) 
number of risks O M E 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
2 
1 
0 
90 0 
951 
95 3 
80 0 
86 8 
89 4 
1339 
899 
838 
1818 
1244 
1314 
79 2 
86 0 
87 8 
78 2 
85 4 
86 9 
4304 
3668 
3565 
5363 
4400 
4320 
10 0) 
(7 5) 
(4 9) 
(16 2) 
(10 6) 
(7 6) 
(943) 
(428) 
(352) 
(1094) 
(669) 
(771) 
(17 5) 
(12 6) 
(117) 
(24 0) 
(17 6) 
(13 5) 
(1467) 
(1608) 
(1475) 
(1575) 
(1898) 
(1833) 
92 2 
93 4 
97 4 
87 7 
851 
914 
880 
1205 
820 
1195 
1716 
1152 
77 8 
88 7 
89 7 
80 0 
86 2 
90 4 
3775 
3647 
3099 
4460 
4654 
3598 
Contro 
(8 8) 
(6 6) 
(4 6) 
(12 3) 
(10 7) 
(6 6) 
(257) 
(851) 
(474) 
(452) 
(937) 
(694) 
(14 1) 
(13 9) 
(9 6) 
(16 6) 
(16 6) 
(13 0) 
(963) 
(1331) 
(1301) 
(1348) 
(1641) 
(1379) 
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Chapter 6 
The effects of childhood otitis media with effusion on language ability and 
educational attainment at age seven 
Abstract 
The current study is part of the epidemiological Nijmegen Otitis Media Study and examines the 
relationship between the occurrence of otitis media with effusion (OME) in a particular period and 
measured language ability, judged language ability, and school attainment in a group of 305 
children OME was measured between birth and two years (anamnestic data), between two and four 
years (tympanometry measurements), between four and seven years (anamnestic data and medical 
records), and at seven years (tympanometnc measurements) Language-ability and educational-
achievement data were collected at the age of seven years For every period, the OME group 
(children who had suffered from OME) was compared to the control group (children who had not 
suffered from OME) and the OME-VT group (children who were treated with ventilation tubes). 
The findings suggest that there is no period m which OME appears to be particularly detrimental 
and that a systematic negative effect on specific language abilities or judged language abilities does 
not occur. In addition, no period can be found m which insertion of ventilation rubes appears to be 
particularly beneficial. A frequency effect of OME was found for some variables. 
Otitis media with effusion (OME) is one of the most common diseases in young 
children (Zielhuis, Rach, & van den Broek, 1989) and is usually associated with a 
mild to moderate conductive hearing loss. The term OME refers to the presence 
of fluid in the middle ear space in the absence of unequivocal signs of acute in-
fection (Scheidt & Kavanagh, 1986). The Nijmegen Otitis Media Study has shown 
that before the age of four at least 80% of children have experienced one or more 
episodes of OME (Zielhuis et al., 1989). The hearing loss that accompanies OME is 
often claimed to have adverse effects on language development and academic 
achievement (Paradise, 1981; Teele, Klein, Chase, Menyuk, Rosner, & The Greater 
Boston Otitis Media Study Group, 1990). 
Given the occurrence of OME in the period so crucial for children's language 
development, negative effects of OME are conceivable (Friel-Patti, 1990; Menyuk, 
1986). In addition, research suggests that children with preschool language dis-
orders are at a considerable risk for later language problems (Aram, Ekelman, & 
Nation, 1984; Rescorla & Schwartz, 1990). Nevertheless, the association between 
early OME and later developmental outcomes has been inconsistent across 
studies. Long-term associations between early OME and language ability and 
school attainment have been reported in a number of studies, yet other investi-
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gators have failed to confirm this relation. The time spent with middle ear effu-
sion during the first three years of life has been found to have a negative effect on 
cognitive ability, speech, and language (Klein, Chase, Teele, Menyuk, Rosner, & 
The Greater Boston Otitis Media Study Group, 1988; Teele et al., 1990). Roberts, 
Burchinal, Davis, Collier, and Henderson (1991) and Roberts, Burchinal, and 
Campbell (1994) have nevertheless failed to find support for the hypothesis that 
early OME is related to later intellectual performance, academic achievement, 
expressive and receptive language scores, or measures of semantic and syntactic 
competence. We (Grievink, Peters, van Bon, & Schilder, 1993; Grievink, Peters, 
van Bon, & Schilder, 1995; Peters, Grievink, van Bon, & Schilder, 1994) have also 
not found a negative effect of OME on various aspects of language ability and 
reading (with the exception of a very small effect on spelling ability and order-
liness of speaking and listening). In other words, the effects of OME found by 
Rach, Zielhuis, and van den Broek (1988) for preschool language ability appear to 
have disappeared by the time the children reach the age of seven. 
It has been suggested that OME may only have negative effects on language 
ability at certain times (Friel-Patti, 1990; Roberts et al., 1994). The occurrence of 
OME in infancy, for example, could differentially affect development when com-
pared to occurrence in later (pre-) school years. Suffering from OME during the 
first three years of life, when children are laying the foundations for language, 
may be more detrimental when compared to OME after the age of three, when 
children are refining their language skills. In several studies using prospective 
cohort designs, OME measurements were undertaken at different ages. In only a 
few of these studies, however, was the occurrence of OME monitored for a 
extended period of time. For example, OME was measured between birth and 
twelve months (Gravel & Wallace, 1992), between six and 18 months (Friel-Patti 
& Finitzo, 1990), between birth and the age of three years (Feagans, Sanyal, 
Henderson, Collier, & Appelbaum, 1987; Roberts et al., 1991; Teele, Klein, Rosner, 
& The Greater Boston Otitis Media Study Group, 1984), or at the age of five years 
(Silva, Chalmers, & Stewart, 1986). Prolonged screening for OME (from birth to 
seven years of age) has been performed by Klein et al. (1988) and Teele et al. (1990). 
Roberts et al. (1994) documented OME history from birth through five years. 
These studies demonstrated a differential OME effect. Time spent with middle ear 
effusion during the first three years of life was associated with significantly lower 
scores on many aspects of cognitive ability, speech, and language. OME occurring 
between four and seven years showed no significant association with lower scores 
on these tests (Klein et al., 1988; Teele et al., 1990). Roberts et al. (1994) suggested 
that infant OME (from birth to age three) had a stronger association with teacher 
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ratings of on-task behaviour in the classroom than preschool OME (from age 
three to five years). 
It has also been suggested that the nature of the OME experience may be 
related to developmental outcomes. That is, an increasing incidence of OME may 
exert an increasingly negative effect on children's language ability. We (Grievink 
et al., 1993, 1995; Peters et al., 1994) did not find such an effect of frequency 
between the ages two and four years. The results of Feagans et al. (1987) further 
suggest that a relation between OME and later narrative skills may only exist 
when many episodes of OME occur in the first three years of life. 
The current study is an extension of the studies reported by Grievink et al. (1993, 
1995) and Peters et al. (1994) and based on the same sample. The main question is 
whether a decisive period exists for the occurrence of OME and its negative effects 
on measured language ability, judged language ability, and school attainment at 
the age of seven. This study is a part of the epidemiological Nijmegen Otitis 
Media Study (Zielhuis et al., 1989) in which children were screened for OME 
using tympanometry at regular intervals of three months between their second 
and fourth birthdays. At that stage, parents were also interviewed about their 
child's previous ENT diseases. At age seven, children were again examined using 
tympanometry, otomicroscopy and audiometry, and the parents were again inter-
viewed about their child's ENT history between the end of the preschool screen 
and the follow-up. The parents were also asked to complete a questionnaire with 
regard to the child's language behaviour. Questionnaires were sent to the treating 
family physicians and otolaryngologists; the medical records from the hospital 
were examined; and a number of the children participated in language and school 
attainment testing (Schilder, 1993; Grievink et al., 1993, 1995; Peters et al., 1994). 
OME was measured between birth and two years (anamnestic data), between two 
and four years (tympanometric measurements), between four and seven years 
(anamnestic data and medical records), and at seven years (tympanometric meas-
urements). 
In this exploratory study, we first examined the effects of OME in a particular 
period on later language ability and school attainment. Second, we examined the 
effects of treatment with ventilation tubes in a particular period. Some of the 
children had been treated with ventilation tubes in one or more periods. Treat-
ment with ventilation tubes is the surgical intervention most commonly practic-
ed for OME. Such treatment is effective for immediate restoration of the hearing 
level but it does not affect the basic disease. Third, a possible association between 
the number of occurrences of OME and language ability and educational attain-
ment was examined. 
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Method 
Subjects 
A cohort of 1439 children born between September 1982 and September 1983 in 
the municipality of Nijmegen (a mid-sized town of 145,000 inhabitants in The 
Netherlands) formed the basis for. the epidemiological Nijmegen Otitis Media 
Study. From age two to four, 1328 of these children were screened for OME using 
tympanometry at three-month intervals. The tympanometric measurements 
were classified using the criteria developed by Jerger (1970) into four types. Type A 
indicates normal compliance of the tympanic membrane. Type Ci and C2 indicate 
various degrees of negative middle ear pressure and reduced compliance of the 
tympanic membrane. A type В (i.e., a flat tympanogram) was taken as indicative 
of OME. Screening took place at each child's home address and was undertaken 
by trained audiological technicians. During each visit, the parents were inter­
viewed with regard to the child's ENT diseases in the previous months. During 
the first visit specific questions were posed about the possible occurrence of hear­
ing loss between birth and two years of age. 
At the age of seven, 1160 children from the original cohort were invited to 
participate in a follow-up study between September 1990 and February 1991. Some 
of the children from the original cohort were not approached because their 
parents had already indicated not to participate in a further study. Children who 
had moved to another region were also excluded from the follow-up. A total of 
946 children was examined otologically and audiologically, and a group of 395 
children was selected for language testing. Of this group, 305 agreed to participate. 
A standardized questionnaire dealing with the history of ENT diseases and treat­
ment from ages four to seven was completed by the otolaryngologist based on in­
formation supplied by the parents. For the children who had visited their family 
physician or otolaryngologist with respect to diseases of the upper airway or ear, a 
questionnaire was sent to the relevant family physician. In addition, the informa­
tion on surgical treatment for ENT diseases was verified by a search of the medi­
cal records from the hospitals in the area. In such a manner, information about 
the occurrence of ENT diseases was available for several points in time. 
For each period (before the age of two years, between two and four years of age, 
between four and seven years of age, and at seven years of age), the children were 
assigned to one of three groups: children who had not suffered from OME in that 
period (control group), children who had suffered from OME (OME group), or 
children who had suffered from OME and been treated with ventilation tubes 
(OME-VT group). In Table 1 the number of subjects in the three groups for each of 
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the four periods can be found. Before the age of two years, group assignment was 
based on the questionnaire data. The children in this period were assigned to the 
OME group when the parental suspicion of a hearing loss was confirmed by a 
family physician or otolaryngologist. These children visited the family physician 
and/or the otolaryngologist when either a hearing loss had been suspected by the 
parents or the child had failed the Ewing distraction test. This test is administered 
for screening purposes in infant welfare centres when the children are nine 
months of age. Hearing loss at this young age is mostly caused by OME. When 
there was no indication of a history of OME, the children were assigned to the 
control group. A child was assigned to the OME-VT group when the parents in­
dicated that treatment with ventilation tubes had taken place. 
Table 1 Total number of subjects for the control, OME, and the OME-VT group in each period 
Period Control OME OME-VT Missing period 
0-2 years 256 8 1 3 
2-4 years 82 149 37 0 
4-7 years 165 57 46 0 
7 years 233 13 16 6 
Note: Abbreviations: see the list of abbreviations on page IX. 
Between their second and fourth birthdays, children were screened on nine 
occasions using tympanometry. The OME group consisted of children with a bi­
lateral type В tympanogram on two or more occasions with at least two of these 
occasions being consecutive. The OME-VT group consisted of those children with 
bilateral type В tympanograms on two or more occasions (with two or more of 
these occurring consecutively) and treatment with ventilation tubes between the 
age of two and four. A group of OME-free children was selected from among the 
children with almost exclusively type A or type Ci tympanograms; these children 
could also have had a type C2 or type В tympanogram at one time or another in 
one ear but no more than that. 
Information with regard to the OME history between the end of the preschool 
screening and the follow-up examinations (i.e., from age four to seven) was 
obtained from questionnaires and medical records. The OME history of the 
children for this period was considered positive - and children were included in 
the OME group - when the parents reported a suspicion of hearing loss. The 
parents' answers were verified and, when available and necessary, overruled by 
the family physician's or otolaryngologist's questionnaire responses. Children 
were assigned to the OME-VT group when the parents indicated treatment with 
ventilation tubes and /or the insertion of ventilation tubes was mentioned in the 
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hospital records. When no OME history existed and ventilation tubes had not 
been inserted, a child was assigned to the control group. 
At seven years of age, tympanometric and otomicroscopic data were used to 
form the three groups. The OME group consisted of children with bilateral В tym-
panograms. The OME-VT group consisted of children with ventilation tubes in 
situ. The control group (children who had not suffered from OME) consisted of 
children without bilateral В tympanograms and no treatment with ventilation 
tubes. 
The data from 35 children with a first language other than Dutch and the data 
from two children with a congenital or familial hearing loss were excluded, 
which resulted in a total of 268 subjects. 
Materials 
In the present study, various tests of language ability were selected on the basis of 
the different aspects of such an ability (Bachman, Vanniarajan, & Lynch, 1988; 
van Bon, 1992). Two subtests from the Language Tests for Children ('Taaltests 
voor Kinderen'; van Bon, 1982) were used to establish the children's general lan­
guage ability. The morphological Word Forms Production test was used because 
this is a good general language indicator (van Bon, 1992), and because morpho­
logical competence has been demonstrated to be sensitive for abnormal language 
development (Johnston & Shery, 1976; Morehead & Ingram, 1973; Vogel, 1983; 
Wiig, Semel, & Crouse, 1973). The Concealed Meanings test is receptive in nature 
and concerns the child's understanding of the non explicit content of sentences. 
There is evidence that children with hearing impairments have problems in 
recognizing the non explicit information in text (Quigley & Paul, 1989). The 
Word Forms Production test and the Concealed Meanings test have also been 
shown to load on different factors (van Bon, 1984). 
Each of the 35 items in the Word Forms Production test consists of two sen­
tences. A simple form of the relevant word is used in the first sentence while the 
experimenter points at a picture. In the second open-ended sentence, an inflected 
form of the same word has to be provided by the subject while the experimenter 
points at a second picture. For example, 'Hier zie je één stad. Hier zie je twee ..." 
(Here you see one city. Here you see two...). The correct answer to this item is the 
irregular plural 'steden'. The total number of correct answers is counted. 
In the Concealed Meanings test, the child has to match one of two pictures to a 
sentence that presupposes or implies certain information. The sentence 'Moeder 
zit ook op de fiets' (Mother is riding a bicycle too), for example, implies that 
others are riding a bicycle as well and that the picture showing several people 
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riding a bike (one of them being a woman) must therefore be chosen. This test 
consists of 33 items, and the total number of correct choices is counted. 
Three tests of phonological ability were selected because phonological ability is 
assumed to be highly susceptible to the effects of the hearing loss associated with 
OME and also because phonological ability appears to play a crucial role in 
learning to read and write (Stanovich, 1986). Tests for phonemic segmentation, 
sound blending, and auditory discrimination were used. 
In the Phonemic Segmentation test, the children had to divide spoken words 
into their constituent phonemes. In the Sound Blending test, the children had to 
blend separate phonemes into a whole word. Both tests consisted of 30 items: 15 
monosyllabic real words and 15 monosyllabic pseudowords. A pseudoword is a 
pronounceable but meaningless sequence of speech sounds that obeys the 
phonological rules of Dutch word formation. The contrast between real words 
and pseudowords allows us to examine the effects of lexical knowledge on word 
recognition (Bryant & Bradley, 1980). The pseudowords were created by changing 
the vowels of the real words. Again, the number of correct answers was counted. 
The Auditory Discrimination test was constructed after Wepman's test (1973). 
Children were asked to judge whether or not two monosyllabic spoken words or 
pseudowords were equivalent. Unequal pairs were composed of minimally 
contrasting words like 'muis' (mouse) and 'huis' (house). The test had 46 items: 
23 real-word pairs and 23 pseudoword pairs. There were 36 unequal word pairs 
and ten equal word pairs. The items were recorded on tape by a speech-language 
pathologist, and the number of correct judgements was counted. 
Because of the limited time available for testing, the tests of reading ability 
were restricted to the word and sentence levels. Three reading tests were used to 
test word decoding ability and comprehension of written sentences: the One-
Minute-Test, the Word Recognition test, and the Sentence Verification test. 
The One-Minute-Test (Brus & Voeten, 1979) is a standardized test frequently 
used to measure decoding ability. It is highly correlated with tests for reading text 
aloud (Mommers, 1987). Words ordered according to difficulty are read aloud as 
fast and as accurately as possible. The number of words read correctly within one 
minute constitutes the test score. 
The Word Recognition test (adopted from van den Bosch, 1991) uses real 
monosyllabic words and monosyllabic pseudowords consisting of four different 
orthographic structures. All of the words can be read correctly by applying simple 
grapheme-phoneme correspondence rules. An Apple-II GS computer with two 
monitors (one for the subjects and one for the experimenter), a voice-key, and a 
microphone were used to present the words and register the response. The real 
words were all high frequency words for children according to Staphorsius, 
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Krom, and de Geus (1988). The pseudowords were created by changing the vowel 
graphemes of the real words. The response latency was determined for each trial 
by measuring the time between the onset of the target stimulus and the verbal 
response of the subject. Response latency and accuracy were determined for each 
sentence. 
The Sentence Verification test (van den Bosch, 1991) is a test of sentence com-
prehension. Short sentences consisting of high frequency monosyllabic words 
were used. There were two types of sentences: 15 semantically correct (e.g., 'de 
lamp is aan' (the lamp is on)) and ten semantically incorrect (e.g., 'een kat is een 
plant' (a cat is a plant)). The child was to indicate whether or not the sentence was 
correct by pushing the 'yes' or the 'no' buttons, which were connected to an 
Apple-II GS computer. Response latency and accuracy were determined for each 
sentence. 
With regard to spelling ability a grapheme test was administered in order to 
study knowledge of simple spelling-sound correspondence rules. The children 
were asked to write down ten of the most difficult graphemes. The experimenter 
recited the respective phoneme and a word with that particular phoneme in it. 
A spelling test was also administered that consisted of 15 real monosyllabic 
words and 15 monosyllabic pseudowords. The real words were high frequency 
words in children's literature (Staphorsius et al., 1988). Pseudowords were created 
by replacing the vowel graphemes of the real words with others of the same 
grapheme class. Words were selected that could be written correctly by applying 
simple phoneme-grapheme correspondence rules. The child was requested to 
repeat each word correctly and then to write the word. 
The Coloured Progressive Matrices (Raven, 1965; van Bon, 1986) was admin-
istered as a non verbal test of intelligence. 
Parents and teachers were asked to complete questionnaires that contained ques-
tions about the language behaviour of a child. A list of 36 statements was used to 
judge language behaviour. These items were part of extended questionnaires 
concerned with the early language development of the child (a questionnaire for 
the parents) and the school achievement of the child (a questionnaire for the 
teachers). In principle, every child was judged by a parent and a teacher. Each item 
was a statement with regard to language behaviour. The judge had to determine 
for every statement, whether it was correct, more or less correct, or incorrect for 
the child under consideration. A number of easy to label factors appeared to 
underlie the judgements about language behaviour. In addition, the dimensions 
that could be distinguished for the parents and teachers were reasonably similar 
(for an extended discussion, see Grievink et al., 1995). All items concerning 
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speaking and listening ability load on factor one This factor is called Language 
ability Statements describing a lack of systematicity and order in speaking and 
listening load on factor two, which is called Orderliness Items concerning ade-
quate use of language by the speaker, and thus providing little opportunity for 
misunderstanding load high on factor three, which is called Presentation Items 
concerning the frequency or courage to speak load on factor four, which is called 
Talkativeness 
Analyses 
The following three questions were addressed in the analyses Does OME in a par-
ticular period (before the age of two years, between two and four years of age, 
between four and seven years of age, and at seven years of age) have a negative 
effect on subsequent language ability, judged language ability, and school attain-
ment as measured at the age of seven years7 Can (positive) effects of treatment 
with ventilation tubes in a particular period be established7 And, finally, does the 
frequency of the OME appear to have an effect7 
For every period, a subject belongs to either the control group, the OME group, 
or the OME-VT group This means that there are theoretically 81 different types of 
illness history A total of 22 different types of illness history was actually found to 
occur In order to study the effect of OME for each of the four periods, the OME 
subjects were compared to the control subjects with illness history in the re-
maining periods controlled for (1 e , the subjects differed only with respect to their 
condition within the period of interest and thus not with respect to their condi-
tion in the other periods) The OME subjects were compared to the OME-VT sub-
jects in order to examine the effects of treatment for each period (controlling for 
illness history in the remaining periods) In every period, a number of subjects 
turned out to have matched illness histories In Appendix A, the number of 
subjects in the control group, the OME group, and the OME-VT group in each of 
the four periods are presented As can be inferred from Appendix A, not all 
illness histories were present For a number of the illness histories, a matching 
illness history was also not available 
In order to test the effects of OME in a particular period, the subjects with OME 
in that period were compared to the control subjects with an identical illness 
history for the other three periods In order to test the effect of treatment with 
ventilation tubes in a particular period, the OME-VT subjects in that period were 
compared to the OME subjects with an identical illness history for the other 
periods These comparisons were simple contrasts The contrast for the OME 
effect in the period before the age of two years, for example, involved five sub-
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groups from the control group with a matching illness history in the other 
periods (see Appendix A). The subgroups for the contrasts turned out to have 
rather large variations in number and standard deviation, which required the use 
of separate variance estimates (SPSS one-way). This precluded the use of the 
multivariate tests applied in earlier studies (see Grievink et al., 1993; Peters et al., 
1994). In order to control for the type 1 error rate, the significance level for each 
test was adjusted following Bonferroni's procedure. One-tailed tests were then 
used to examine the effects of OME and treatment with ventilation tubes. 
Results 
The effect of OME within various periods 
The effect of OME within the period of interest was tested using ANOVAs with 
OME as the between-subjects factor. OME in the period before the age of two years, 
appeared to have negative effects on the Word Forms Production test (F (1, 4.6) -
3.72, ρ < .01), the One-Minute-Test (F (1,18.9) = 3.02, ρ < .01), and Language ability 
as judged by parents (F (1,14.6) = 5.04, ρ < 01). OME in the period between two and 
four years had negative effects on Orderliness (F (1, 3.5) = 5.95, ρ < .01) and 
Talkativeness (F (1, 3.1) = 5.21, ρ < .01) as judged by teachers. OME in the period 
between four and seven years appeared to have no negative effects. OME at the 
age of seven had negative effects on the latency of judging correct sentences in the 
Sentence Verification Task (F (1, 16.5) = -3.58, ρ < .01) and on Orderliness as 
judged by teachers (F (1, 7.5) = 3.25, ρ < .01). These findings are in keeping with 
our hypothesis; effects that contradict this hypothesis were also found, however. 
OME subjects were found to perform better than the control subjects on a number 
of the dependent variables: on Sound Blending of pseudowords (F (1,19.6) - -2.28, 
ρ < .05) and Orderliness as judged by teachers (F (1, 12.3) = -5.49, ρ < .01) for the 
period before the age of two years; on the Concealed Meanings test (F (1, 4.2) = 
-3.163, ρ < .05) and Auditory Discrimination of unequal pairs of pseudowords (F 
(1, 9.8) = -2.97, ρ < .01) for the period between two and four years; and on Pho­
nemic Segmentation of real words (F (1, 9.4) = -2.97, ρ < .01) and pseudowords (F 
(1, 23.5) = -3.58, ρ < .01) for seven years. No differences were found between the 
control and OME subjects on the remaining dependent variables.' For the sake of 
presentation, the group means for all of the dependent variables have been pre­
sented in Table 2. These figures are not a reflection of the testing procedure, 
At the age of seven, the control group contained 16 subjects with unilateral type В tympanograms This occur­
rence may have obscured the results. Omission of these subjects did not produce crucial differences in the results. 
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however, because the data are averaged across subjects with different illness his-
tories. 
Table 2 Means (proportions unless otherwise indicated) on the dependent variables for the 
control and OME groups in each period 
Variables/ 
/Factors 
0-2 years 
control 
WFP (raw scores) 
CM (raw scores) 
PSrw 
PSpw 
SBrw 
SB pw 
A D u p r w 
AD up pw 
A D e p r w 
AD ep pw 
GK 
SPrw 
SPpw 
OMT (raw scores) 
WR rw lat (msec) 
WR pw lat (msec) 
WR rw ace (% 
WR pw ace (% 
corr) 
corr) 
SV es lat (msec) 
SV is lat (msec) 
SV cs ace (% 
SV is ace (% 
LANG parent 
LANG teacher 
ORDE parent 
ORDE teacher 
PRES parent 
PRES teacher 
TALK parent 
TALK teacher 
corr) 
corr) 
(rs) 
(rs) 
(rs) 
(rs) 
(rs) 
(rs) 
(rs) 
(rs) 
26.20 
23.62 
.71 
.68 
78 
.63 
.87 
.84 
.91 
.92 
.80 
.66 
.62 
43.96 
917 
1397 
81.8 
74.7 
5553 
4275 
79.2 
76.0 
2.82 
2.59 
2.57 
2.58 
2 64 
2.42 
2.83 
2.62 
OME 
22.87 
21.40 
.67 
.59 
.82 
.72 
.77 
.71 
.95 
.95 
.82 
.63 
.54 
36.07 
894 
1700 
93.0 
83.8 
4061 
4779 
84.4 
83.0 
2.60 
2.71 
2.56 
2.91 
2.49 
2.19 
2.80 
2.59 
2-4 years 
control 
26.95 
20.09 
.85 
.74 
.87 
.68 
.90 
.80 
.93 
.88 
.84 
.69 
.65 
36.18 
958 
1481 
76.1 
68.5 
3610 
4493 
72.8 
76 4 
2.95 
2.82 
2.60 
2.87 
2.87 
2.75 
2.68 
2.74 
OME 
26.14 
24.24 
.71 
.67 
.75 
63 
.87 
.84 
.91 
.88 
.73 
55 
.51 
35.13 
1349 
1798 
78.3 
68.1 
4026 
4590 
71.0 
62.1 
2.75 
2.57 
2.60 
2.57 
2.54 
2.25 
2.77 
2.35 
4-7 years 
control 
26.03 
24.09 
.74 
.71 
.83 
.74 
.90 
.84 
.91 
.91 
.86 
.68 
.64 
37.45 
1074 
1708 
91.2 
82.7 
4100 
4678 
84.1 
84.2 
2.84 
2.72 
2.57 
2.75 
2.73 
2.50 
2.89 
2.63 
OME 
24.85 
22.49 
.70 
.67 
.85 
.78 
.86 
.82 
.90 
.89 
.84 
.68 
.62 
37.47 
1047 
1772 
62.8 
75.9 
3891 
4591 
71.0 
71.4 
2.90 
2.78 
2.56 
2.77 
2.80 
2.58 
2.01 
2.45 
7 years 
control 
26.20 
22.98 
.70 
.67 
.76 
.63 
.86 
.82 
.92 
.92 
.80 
.64 
.60 
44 08 
953 
1443 
81.6 
75.2 
3597 
4441 
77.9 
75.0 
2.81 
2.67 
2.61 
2.61 
2.64 
2.42 
2.84 
2.64 
OME 
26.70 
23 07 
.79 
.82 
.87 
71 
.85 
.87 
.93 
.80 
.79 
.74 
.62 
34.47 
1431 
1871 
82.5 
84.7 
4632 
4334 
77.9 
85.7 
2.76 
2.49 
2.37 
2.21 
2.72 
2.32 
2.70 
2.24 
Note: Abbreviations: see the list of abbreviations on page IX. 
It can be concluded that there is no period in which OME appears to be par-
ticularly detrimental. There is also no systematic negative effect on specific 
abilities. Although OME was found to have a number of negative effects, there 
were also effects in clear contradiction to our hypothesis. 
The effects of childhood OME on language ability and educational attainment at age seven 103 
The effect of ventilation tube treatment within various periods 
ANOVAs were performed with treatment as the between-subjects factor. In order 
to examine the effects for a particular period, OME-VT subjects were compared to 
OME subjects with the same illness history except in the period of interest. 
For the period between four and seven years, positive treatment effects were 
observed on Auditory Discrimination of unequal pairs of pseudowords (F (1, 8.4) 
= 3.06, ρ < .01) and on the latency of judging incorrect sentences in the Sentence 
Verification Task (F (1, 19.1) = -2.29, ρ < .05). At the age of seven, a positive effect 
was observed on the latency of judging correct sentences in the Sentence Verifi­
cation Task (F (1, 9.9) = -6.93, ρ < .01) and on Orderliness as judged by teachers (F 
(1, 6.4) = 2.46, ρ < .05). Effects contrary to our hypothesis were also observed, 
however. For the period between two and four years, OME subjects were found to 
perform better than OME-VT subjects on Orderliness as judged by teachers (F (1, 
10.7) = -2.19, ρ < .05). For the period between four and seven years, the OME 
subjects produced better scores than the OME-VT subjects on the latency of 
verifying the correct sentences in the Sentence Verification Task (F (1, 11.3) = 3.42, 
ρ < .01) (see Table 3*)· 
No clear conclusions can be drawn from these results. Our expectation was a 
positive treatment effect in the case of a negative effect of OME. But this did not 
prove to be the case. Statistical testing suggested some treatment effects, but some 
of these were found to be negative and thus contrary to our hypothesis. There 
was one consistent treatment effect for the age of seven, namely on Orderliness as 
judged by teachers, which also showed a negative OME effect. As we have seen, 
children who suffered from OME at the age of seven were judged less orderly in 
their speaking and listening than their healthier peers. This OME effect seems to 
be counteracted by the insertion of ventilation tubes, but a comparable treatment 
effect is not found for the period between two and four years when the children 
who suffered from OME were also judged less orderly in their speaking and 
listening when compared to their healthier peers. 
Omission of the control subjects with unilateral В tympanograms at the age of seven again produced no crucial 
differences in the results of statistical testing 
In the period between birth and two years of age there was only one subject in each group 
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Table 3 Means (proportions unless otherwise indicated) on the dependent variables for the 
OME-VT and OME groups in three periods 
Variables/ 
/Factors 
WFP (raw scores) 
CM (raw scores) 
PSrw 
PSpw 
SB rw 
SBpw 
A D u p r w 
AD up pw 
A D e p r w 
AD ep pw 
GK 
SPrw 
SPpw 
OMT (raw scores) 
WR rw lat 
WR pw lat 
WR rw ace (% 
WR pw ace (% 
SV es lat 
SV is lat 
SV es асе (% 
SV is асе (% 
LANG parent 
LANG teacher 
ORDE parent 
ORDE teacher 
PRES parent 
PRES teacher 
TALK parent 
TALK teacher 
(msec) 
(msec) 
correct) 
correct) 
(msec) 
(msec) 
correct) 
correct) 
(rs) 
(rs) 
(rs) 
(rs) 
(rs) 
(rs) 
(rs) 
(rs) 
2-4 years 
OME-VT 
23 81 
19 82 
71 
64 
82 
61 
76 
78 
95 
87 
74 
65 
56 
3710 
1209 
1789 
84 8 
78 2 
4250 
4614 
77 9 
67 8 
2 58 
2 42 
2 29 
2 35 
2 58 
2 27 
2 81 
2 65 
4-7 years 
OME OME-VT 
25 62 
24 73 
87 
71 
83 
73 
87 
83 
92 
86 
82 
66 
61 
37 23 
1194 
1904 
75 2 
80 9 
4154 
4753 
77 4 
72 5 
2 79 
2 63 
2 66 
2 59 
2 69 
2 35 
2 61 
218 
26 96 
22 47 
77 
75 
77 
68 
85 
83 
94 
93 
75 
67 
61 
37 75 
1176 
1634 
90 9 
82 0 
4220 
3640 
76 2 
715 
2 78 
2 52 
2 56 
2 24 
2 67 
2 31 
2 74 
2 59 
7 years 
OME OME-VT 
23 88 
2019 
71 
66 
83 
61 
76 
76 
93 
82 
79 
67 
56 
4217 
1002 
1827 
717 
78 5 
3456 
4239 
82 6 
79 4 
2 51 
2 57 
2 42 
2 46 
2 63 
2 38 
2 67 
2 19 
26 02 
24 86 
69 
63 
78 
61 
85 
85 
92 
94 
71 
51 
47 
30 59 
1474 
2000 
60 3 
640 
4315 
4997 
75 0 
58 6 
2 70 
2 36 
2 51 
2 43 
2 41 
2 01 
2 71 
2 23 
OME 
26 75 
22 00 
89 
85 
90 
75 
85 
89 
100 
85 
63 
70 
65 
23 75 
1699 
2268 
92 9 
84 5 
5993 
3838 
63 3 
50 0 
2 75 
2 39 
2 34 
2 09 
2 75 
2 21 
2 59 
2 41 
Note Abbreviations see the list of abbreviations on page IX 
Effects of OME frequency 
The last question to be investigated was whether the frequency of OME (ι e , the 
number of periods with indications of OME) detrimentally affected language 
ability, judged language ability, and school achievement In each period, a subject 
may have been assigned to the OME group It was therefore possible to investigate 
whether a higher frequency of OME might accompany differences in achieve­
ment A frequency score varying from zero to three was determined for each 
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subject. There were no instances of OME occurring in all four periods. Children 
treated with ventilation tubes in any period were not included in the analyses. 
The total number of subjects within each frequency class is presented in Table 4. It 
was assumed that the higher the frequency of OME (i.e., the more often the child 
had suffered from OME), the larger the negative effect would be. The frequency 
effect was examined by means of trend analysis (as described in Grievink et al., 
1993, 1995, and in Peters et al., 1994). Three linear trends in the predicted direction 
were found. 
Table 4 Number of subjects with different frequencies of OME (OME subjects alone; OME and 
OME-VT subjects combined) 
Frequency of 
periods with OME 
0 
1 
2 
3 
OME alone 
tests 
77 
75 
48 
4 
judgements 
56 
59 
36 
3 
OME and OME-VT combined 
tests 
77 
79 
76 
27 
judgements 
56 
63 
51 
19 
Note: Abbreviations, see the list of abbreviations on page IX. 
As can be seen in Figure 1, the more a subject suffered from OME, the worse the 
scores were on Auditory Discrimination of real words (F (1, 200) = 4.68, ρ < .05) 
and pseudowords (F (1, 200) = 6.77, ρ < .01) of unequal pairs. 
0 95 
0 90 
ean 
'oportions 
>rrect 
0 85 
0.80 
0.75 
OME frequencies 
AD up rw OME 
AD up pw OME 
AD up rw OME+OME-VT 
AD up pw OME+OME-VT 
GK OME+OME-VT 
Figure 1 Mean proportion of correct answers on Auditory Discrimination of unequal pairs of real 
words (AD up rw), pseudowords (AD up pw), and Grapheme Knowledge (GK), for 
different frequencies of OME for the OME subjects alone and/or the OME and OME-VT 
subjects combined 
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As can be seen in Figure 2, parents evaluated the orderliness of speaking and 
listening more negatively when a child had suffered from OME for a longer 
period of time (F (1,141) = 6 82, ρ < 01) No quadratic trends were found for these 
three variables For the other dependent variables, neither linear nor quadratic 
trends were observed 
30 
2 8 -
т е а л 
raw 2 6 
scores 
24 
22 
OME frequencies 
ORDE parents OME 
LANG parents OME+OME-VT 
LANG teachers OME+OME-VT 
ORDE parents OME+OME-VT 
ORDE teachers OME+OME-VT 
PRES parents OME+OME-VT 
PRES teachers OME+OME-VT 
Figure 2 Mean raw scores on general Language ability (LANG), Orderliness (ORDE), and 
Presentation (PRES) as judged by parents (p) and/or teachers (t) for different 
frequencies of OME for the OME subjects alone and/or the OME and OME-VT subjects 
combined 
Subjects treated with ventilation tubes in one or more periods were not included 
in the trend analyses because of the expected benefit of treatment This never­
theless resulted in a considerable loss of subjects (55) Because we (Gnevink et a l , 
1993, 1995, Peters et a l , 1994) observed no benefit of treatment with ventilation 
tubes, moreover, the analyses were again performed with the OME-VT subjects 
included in the OME group As can be seen in Figure 1, a linear trend in the pre­
dicted direction was again found for Auditory Discrimination of real words (F (1, 
255) = 14 43, ρ < 01) and pseudowords (F (1, 255) = 4 64, ρ < 05) of unequal pairs A 
linear trend in the predicted direction was also found for Grapheme Knowledge 
(F (1, 256) = 3 85, ρ < 05, see Figure 1) No quadratic trends were found for these 
variables Linear trends were found for some aspects of judged language ability 
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As can be seen in Figure 2, parents and teachers evaluated Language ability (F (1, 
186) = 5.87, ρ < .01; F (1,186) = 4.79, ρ < .05), Orderliness (F (1,168) = 12.69, ρ < .01; F 
(1,168) = 6.91, ρ < .01), and Presentation (F (1,194) = 7.62, ρ < .01; F (1,194) = 7.17, ρ 
< .01) more negatively when a child had suffered more often from OME. No 
quadratic trends were found. For the other dependent variables, no linear or 
quadratic trends were found. Adding the OME-VT group produced an OME fre­
quency effect for Auditory Discrimination of real words and pseudowords of un­
equal pairs, Grapheme Knowledge, Language ability, Orderliness, and Presenta­
tion. 
Discussion 
The results of this study suggest that there is no period in which OME is par­
ticularly detrimental and that there is no consistent negative effect on the specific 
abilities or judged abilities of the children. A similar conclusion can be drawn for 
treatment with ventilation tubes. Although, some negative effects of OME and 
positive treatment effects could be observed for a number of the dependent vari­
ables, no clear conclusions can be drawn. There were some effects in the expected 
negative direction, but there were also effects that contradicted the hypothesis. A 
frequency effect of OME was found for some variables, namely for Auditory 
Discrimination of real words and pseudowords of unequal pairs and for Order­
liness as judged by parents. Adding the OME-VT group to the OME group result­
ed in additional negative effects of OME frequency for Grapheme Knowledge 
along with parental and teacher judgements of Language ability, Orderliness, and 
Presentation. 
In the studies by Grievink et al. (1993, 1995) and Peters et al. (1994), the relation 
of OME between the ages two and four years to later language ability and edu­
cational attainment was examined. It was concluded that early bilateral OME 
affects later spelling ability and (judged) orderliness of speaking and listening. In 
these studies, all subjects who had suffered from OME between the ages of two 
and four years were included. In the present study, only subjects with matching 
histories were included in the analyses in order to unequivocally examine the 
effect of the period in which the OME occurs. There was an effect of OME between 
the ages of two and four years on later Orderliness and Talkativeness as judged by 
teachers, but the OME effect on spelling ability and Orderliness as judged by 
parents disappeared. 
In the present study, a frequency effect on Auditory Discrimination was found. 
This finding suggests negative OME effects on some low-level psycholinguistic 
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skills and appears to be in keeping with the results of some other studies within 
the Nijmegen Otitis Media Study. Groenen, Crul, Maassen, and van Bon (1996) 
suggest that children with early OME or language impairment have difficulties 
with speech sound categorization. The discrimination problems detected in that 
study further demonstrate that children with early OME, irrespective of language 
impairment, also have poorer sensitivity to voicing cues than children without 
early OME. A study by Schilder (1993) showed that persistent OME at the pre-
school age had a small but significant effect on speech-in-noise performance at 
school age. Once again, persistent OME appears to negatively affect some low-
level psycholinguistic skills but not more global and integrated psycholinguistic 
skills (with the exception of the orderliness of speaking and listening). 
In the present study, we used a Bonferroni procedure in order to correct for 
any capitalization on chance in the testing of the periods. It is possible that a 
number of effects was missed as a result of such stringent testing. Those effects 
with less strict probability levels (the maximum probability had been .05) were 
also therefore taken into consideration. Some of the findings were found to be in 
accordance with our hypothesis, but others were again found to contradict our 
hypothesis. Again, no clear conclusions could be drawn. Less stringent testing did 
not lead to differences in the interpretation of the results. 
Adding the OME-VT group to the OME group in order to test for an effect of 
OME frequency resulted in effects for three (of the four) aspects of judged lan-
guage behaviour. One might argue that parents are more aware of the illness 
histories of their children in cases of treatment with ventilation tubes and there-
fore more likely to judge their language ability negatively. Teachers, in contrast, 
are not very likely to have detailed information about the OME histories of all 
the children in their classrooms and yet they also judged the language ability of 
this group more negatively as well (see Grievink et al., 1995). It can alternatively 
be argued that the language behaviour of children treated with ventilation tubes 
is indeed judged more negatively because the OME histories of these children are 
more severe in comparison to non treated children. There is also some evidence 
that the otological and auditory findings for the OME-VT group are less favour-
able (Schilder, 1993), although in this study the effect of treatment and disease 
could not be distinguished. 
This study is a an extension of the studies by Grievink et a). (1993,1995) and Peters 
et al. (1994). In these studies it was suggested that the period in which the OME 
was measured (namely, between two and four years) might be too limited or 
simply not as sensitive to the effects of OME as suggested. The results of the pros-
pective studies by Klein et al. (1988), Roberts et al. (1994), and Teele et al. (1990) 
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nevertheless suggest a period-related effect of OME. On the basis of the current 
analyses, however, a clearly negative effect of OME in any one of the four differ-
ent periods could not fully be demonstrated. 
The results of the present study must nevertheless be interpreted with cau-
tion. In the period before the age of two years, and the period between four and 
seven years, OME was not detected by tympanometry. The children were assigned 
to the OME group when a family physician and/or otolaryngologist was reported 
to have confirmed the parental suspicion of hearing loss; this was considered a 
reliable method for the detection of previous middle-ear problems because 
parents are assumed to report visits to a family physician or otolaryngologist 
accurately. Tympanometric measurements, however, would have been preferable 
(Zielhuis et al., 1989). Furthermore, the anamnestic OME data do not provide 
detailed information with regard to the duration and frequency of the OME. 
Finally, the occurrence of OME may have been selectively diagnosed by the 
parents of particular children because OME is not always accompanied by ex-
traneous symptoms. That is, subjects whose parents did not detect the occurrence 
of OME may have incorrectly been included in the control group. 
It can be concluded from this study that there is no period in which OME is 
particularly detrimental and that a systematic negative effect on specific language 
abilities or judged language abilities does not occur. In addition, no period can be 
found in which the insertion of ventilation tubes appears to be particularly 
beneficial. A number of negative effects of OME and positive effects of treatment 
were found, but no clear conclusions can be drawn from these findings because of 
their contradictory nature. Although long-term OME appears to have some nega-
tive developmental consequences, we would not recommend large-scale efforts 
to detect and treat all children with OME. As some effects of OME frequency were 
nevertheless found for the OME subjects and OME-VT subjects, we would suggest 
that parents and professionals dealing with children should be particularly 
attentive to children suffering from OME for a prolonged period of time. 
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Appendix A 
Matching histories and the respective number of subjects from the control group and the OME group 
or the OME group and the OME-VT group in each of the four periods. 
OME in period control group OME group OME-VT group 
history number history number history number 
of subjects of subjects of subjects 
0-2 years 
2-4 years 
4-7 years 
7 years 
0110 
0111 
0120 
0200 
0220 
0000 
0011 
0020 
0100 
0200 
0202 
0000 
2200 
0110 
0210 
0120 
0200 
0220 
7 
9 
7 
72 
39 
77 
1 
3 
4 
72 
6 
77 
3 
7 
13 
7 
72 
39 
2110 
2111 
2120 
2200 
2220 
0200 
0211 
0220 
0210 
0212 
0222 
2220 
0120 
0220 
0222 
0020 
2220 
2120 
0122 
0112 
0212 
0122 
0202 
0222 
1 
1 
1 
3 
2 
72 
5 
39 
13 
2 
2 
2 
7 
39 
2 
3 
2 
1 
2 
1 
2 
2 
6 
2 
1110 
0100 
0111 
0120 
0110 
0112 
0122 
2120 
0110 
0210 
0212 
2110 
0112 
0111 
0211 
1 
4 
9 
7 
7 
1 
2 
1 
7 
13 
2 
1 
1 
9 
5 
Note. The numbers in the 'history' column indicate OME status in the four defined periods In any 
period, a subject could be assigned to the control group (0), the OME group (2), or the OME-VT group 
(1) 
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Chapter 7 
Language and literacy skills in the second year of primary school: a correlational 
study* 
Abstract 
In the present study the language-literacy relation with respect to several variables and factors, 
the direction of the influence of the various variables, and whether these relations are direct or 
indirect, are examined. Data from 184 subjects during their second year of reading and spelling 
instruction are used to test a model based on current concepts of the relation between language and 
literacy. It is concluded that the initial model is acceptable. However, an alternative model is also 
suggested by the data. In this model, the speed and accuracy aspects of beginning literacy are con-
sidered more important than the distinction between reading and spelling. It is suggested that this 
model should be preferred and, m keeping with Mommers (1987) and Cataldo and Ellis (1988), that 
spelling ability contributes to reading achievement. 
In the present study, current ideas on the language-literacy relation are tested 
with respect to several variables that have been measured in a comprehensive 
project, carried out in The Netherlands, 'The Nijmegen Otitis Media Study'. The 
project included a prospective study of the effects of early otitis media with effu-
sion (OME) on children's language, phonological awareness, reading, and spell-
ing during the initial phase of literacy. OME is an inflammation of the middle ear 
accompanied by accumulation of liquid in the middle ear cleft but without the 
signs or symptoms of acute infection (Senturia, Bluestone, Klein, Lim, & Para-
dise, 1980). 
The basic hypothesis behind the Nijmegen Otitis Media Study is that the hear-
ing deficit caused by bilateral OME, during the preschool years, may negatively 
affect children's language skills (Silva, Chalmers, & Stewart, 1986; Teele, Klein, 
Chase, Menyuk, Rosner, & The Greater Boston Otitis Media Study Group, 1990). 
These language skills are also assumed to mediate the relation between early 
hearing loss and the later acquisition of reading and spelling skills (Frith, 1980, 
1985; Perfetti, 1985). However, because in the earlier studies (Grievink, Peters, van 
Bon, & Schilder, 1993, and Peters, Grievink, van Bon, & Schilder, 1994) only a 
marginal relation between OME and language and literacy was found, the data 
could be used to restrict the study to the language-literacy relation. 
Sylvia A.F Peters, Eefje H. Gnevink, Wim H J van Bon, Jan F.J van Leeuwe 
Department of Special Education, University of Nijmegen 
Submitted for publication. 
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Language is defined in the present study as speech and listening skills, and the 
purpose of the present study is to investigate the relation between these language 
skills and later reading and spelling ability The relevant relations are illustrated 
in the initial model' outlined m Figure 1 and discussed below 
Figure 1 The hypothesized initial model of the language-literacy relation with the factors 
Language, Sound Blending, Segmentation, Spelling, Reading, and Reading 
Comprehension 
Note Comprehension = Reading Comprehension Abbreviations see the list of 
abbreviations on page IX 
Although numerous studies have demonstrated relations between language, 
reading, and spelling, different opinions exist about the exact nature of these rela-
tions Reading and spelling are commonly assumed to be distinguishable skills 
(Frith, 1980, 1985, Mommers, 1987) According to Mattingly (1972), moreover, 
reading and spelling are secondary linguistic skills dependent upon a child's oral-
language competence This view is shared by others who favour the language-as-
a-prerequisite theory' (Downing & Leong, 1982a) Stanovich (1986) and others 
(Perfetti, 1985, Ellis, 1994), however, emphasize that the relation between reading 
ability and, for example, phonological awareness may be reciprocal Similarly and 
according to Stanovich (1986) vocabulary knowledge may bear a reciprocal rela-
tion to reading ability The development of vocabulary knowledge may facilitate 
reading, but reading may also significantly contribute to the growth of children's 
vocabulary knowledge In the present study, only a limited effect of reading and 
spelling on the children s linguistic skills could be expected because only the 
beginning stages of literacy were investigated We therefore hypothesized that the 
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connection between language and literacy skills will be largely unidirectional. An 
exception to this hypothesis may be the relation of literacy to children's pho-
nemic awareness. Phoneme-awareness skills have a special status in current 
theories of the relation between language and literacy. Phoneme segmentation 
and sound blending are considered crucial mediative skills for the development 
of reading and spelling (Ellis, 1994). Phoneme segmentation refers to the skill of 
breaking up spoken words into their constituent speech sounds. Sound blending 
refers to the skill of combining isolated speech sounds into a spoken word. These 
skills, which reflect insight into the phonemic structure of the spoken word and 
the ability to handle its segments, probably develop through and as a result of 
literacy education. They can thus be considered a consequence of as well as a pre-
requisite to learning to read (Tunmer & Nesdale, 1982; van Bon & Duighuisen, 
1995; Perfetti, Beck, Bell, & Hughes, 1987; Wimmer, Landerl, Linortner, & Hum-
mer, 1991). 
Another hypothesis concerns the relation between written-word decoding, 
language, and reading comprehension. Gough and Tunmer (1986)'s 'simple 
model of reading' suggests that reading comprehension may be the product of 
both decoding skill and listening skill. Other studies also suggest that reading 
comprehension may be determined by written-word decoding speed and spoken-
language competence (e.g., Vellutino, 1979; Downing & Leong, 1982b, Verhoeven 
& Gillijns, 1994). 
The question in the present study was whether the data from this study fit the 
initial model or not. The data from 184 subjects in their second year of reading 
and spelling instruction (grade 4 of primary school) were analysed by means of 
confirmatory factor analysis (LISREL technique). As indicated in Table 1, the 
children's performance on tests thought to represent the factors language, pho-
neme segmentation, sound blending, spelling, reading, and reading compre-
hension were examined. 
Method 
Subjects 
Only the children attending grade four were selected in order to investigate the 
data from as large and homogeneous a group as possible (see Grievink et al., 1993, 
or Peters et al., 1994 for the characteristics of the study group). No distinction was 
made between the subjects with a history of OME and the control subjects as only 
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a very minor effect of OME was found in previous analyses (Grievink et al., 1993, 
and Peters et al., 1994). Children who had a first language other than Dutch, a 
total of 35 children, were excluded from this study. 
Table 1 Overview of factors and tests 
Skills/Factors 
Language 
Phonemic Segmentation 
Sound Blending 
Spelling 
Reading 
Reading Comprehension 
Tests 
Word Forms Production test 
Concealed Meanings test 
Auditory Discrimination (unequal pairs) 
real and pseudowords 
Auditory Discrimination (equal pairs) 
real and pseudowords 
Phonemic Segmentation test 
real and pseudowords 
Sound Blending test 
real and pseudowords 
Grapheme Knowledge test 
Spelling test 
real and pseudowords 
One-Minu te-Test 
Word Recognition test 
percentage correct and latency 
real and pseudowords 
Sentence Verification test 
percentage correct and latency 
correct and incorrect sentences 
WFP 
CM 
AD up 
ADep 
PS 
SB 
GK 
SP 
OMT 
WR 
SV 
Materials 
In the following, only the tests used in the LISREL procedure will be described. In 
the Nijmegen Otitis Media Study, several tests of language ability were selected 
on the basis of the different aspects of language ability that can be distinguished 
(Bachman, Vanniarajan, & Lynch, 1988; van Bon, 1992). Two subtests from the 
Language Tests for Children ('Taaltests voor Kinderen'; van Bon, 1982) were used 
to establish the children's general language ability. The morphological Word 
Forms Production test was used because this is a good indicator of a general lan-
guage factor (van Bon, 1992), and because morphological competence has been 
demonstrated to be sensitive for abnormal language development (Johnston & 
Shery, 1976; Morehead & Ingram, 1973; Vogel, 1983; Wiig, Semel, & Crouse, 1973). 
The Concealed Meanings test is receptive in nature, and concerns the child's 
understanding of the non explicit content of sentences. There is evidence that 
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children with hearing impairments have problems in recognizing the non ex-
plicit information in text (Quigley & Paul, 1989) of which the Concealed Mean-
ings test is supposed to provide a measure. The Word Forms Production test and 
the Concealed Meanings test have been shown to load on different factors (van 
Bon, 1984). 
Each of the 35 items of the Word Forms Production test consists of two sen-
tences A simple form of the relevant word is used in the first sentence, while the 
experimenter points at a picture In the second, open-ended sentence, the inflect-
ed form of the same word has to be provided by the subject while the experi-
menter points at a second picture. For example, 'Hier zie je één stad. Hier zie je 
twee .. ' (Here you see one city. Here you see two ...). The correct answer to this 
item is the irregular plural 'steden'. The total number of correct answers is 
counted. 
In the Concealed Meanings test the child has to match one of two pictures to a 
sentence that presupposes or implies certain information. The sentence 'Moeder 
zit ook op de fiets' (Mother is riding a bicycle too), for example, implies that 
others are riding a bicycle as well, and that the picture showing several people 
riding a bike (one of them being a woman) must therefore be chosen This test 
consists of 33 items, and the total number of correct choices is counted. 
Tests for auditory discrimination, phonemic segmentation, and sound blend-
ing were used to explore the phonological domain. 
The Auditory Discrimination test was constructed after Wepman's test (1973). 
Children were asked to judge whether or not two monosyllabic spoken words or 
pseudowords were equivalent. Unequal pairs were made up of minimally con-
trasting words like 'muis' (mouse) and 'huis' (house). The test had 46 items: 23 
real word pairs and 23 pseudoword pairs. There were 36 unequal word pairs and 
ten equal word pairs. The items were recorded on tape by a speech-language 
pathologist, and the number of correct judgements was counted. 
In the Phonemic Segmentation test the children had to divide spoken words 
into their constituent phonemes, and in the Sound Blending test the children 
were asked to blend separate phonemes into a whole word. Both tests consisted of 
30 items- 15 monosyllabic real words and 15 monosyllabic pseudowords. A 
pseudoword is a pronounceable but meaningless sequence of speech sounds that 
obeys phonological rules of Dutch word formation. The contrast between real 
words and pseudowords would offer the opportunity to examine the effect of 
lexical knowledge on word recognition (Humphreys & Evett, 1985). The pseudo-
words were created by changing the vowels of the real words used. Again the 
number of correct answers was counted. 
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Because of the limited time available for testing, reading tests had to be re-
stricted to the word and sentence level. Three reading tests were used to test word 
decoding ability and comprehension of written sentences: the One-Minute-Test, 
the Word Recognition test, and the Sentence Verification test. 
The One-Minute-Test (Brus & Voeten, 1979) is a standardized test that is fre-
quently used to measure decoding ability. It is highly correlated with tests for 
reading text aloud (Mommers, 1987). Words ordered according to difficulty are 
read aloud as fast and as accurately as possible. The number of words read 
correctly within one minute constitutes the test score. 
The Word Recognition test (adopted from van den Bosch, 1991) uses real 
monosyllabic words and monosyllabic pseudowords consisting of four different 
orthographical structures. All of the words can be read correctly by applying 
simple grapheme-phoneme correspondence rules. An Apple-II GS computer 
with two monitors (one for the subjects and one for the experimenter), a voice-
key, and a microphone were used to present the words and register the response. 
The real words were all high frequency words for children according to according 
to Staphorsius, Krom, and de Geus (1988). The pseudowords were created by 
changing the vowel graphemes of the real words. The response latency was de-
termined for each trial by measuring the time between the onset of the target 
stimulus and the verbal response of the subject. Response latency and accuracy 
were determined for each item. 
The Sentence Verification test (van den Bosch, 1991) is a test of sentence com-
prehension. Short sentences consisting of high frequency monosyllabic words 
were used. There were two types of sentences: 15 semantically correct (e.g., 'De 
lamp is aan' (The lamp is on)) and ten semantically incorrect (e.g., 'Een kat is een 
plant' (A cat is a plant)). The child was to indicate whether or not the sentence 
was correct by pushing the 'yes' or the 'no' buttons, which were connected to an 
Apple-II GS computer. Response latency and accuracy were determined for each 
sentence. 
A grapheme test was administered in order to study knowledge of simple 
spelling-sound correspondence rules. The children were asked to write down ten 
of the most difficult graphemes. The experimenter recited the respective pho-
neme and a word with that particular phoneme in it. 
A spelling test was also administered that consisted of 15 real monosyllabic 
words and 15 monosyllabic pseudowords. The real words were high frequency 
words in children's literature (Staphorsius et al., 1988). Pseudowords were created 
by replacing the vowel graphemes of the real words with others of the same gra-
pheme class. Words were selected that could be written correctly by applying 
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simple phoneme-grapheme correspondence rules. The child was requested to 
repeat each word correctly and then to write the word. 
Procedure 
The follow-up data were collected between September 1990 and February 1991 at 
the Department of Otorhinolaryngology of the Nijmegen University Hospital. 
The testing order was determined by the birthdays of the subjects. About two 
weeks before the examination date parents received information about the study 
and an invitation with a given date and time. 
The reading and spelling tests were administered by the first two authors, who 
were unaware of the OME histories of the subjects. All subjects were tested 
individually. All tests were administered in the same order. 
Results 
LISREL analyses (Jöreskog & Sörbom, 1989), were applied to determine whether 
the data fit the initial model outlined in Figure 1. The analyses were based on the 
correlation matrix shown in Table 2. A list of the abbreviations for the factors and 
test variables is presented in Table 1. The analyses were divided into two parts. 
The measurement part of the model refers to the factors. 
The structural part of the model for the analyses refers to the relations 
between the factors. The starting point outlined in Figure 1 was to verify the 
measurement part of the model using confirmatory factor analyses. After this, the 
structural part of the model could be tested. 
Testing the initial model 
The measurement part of the model: relations between observed variables and 
factors 
Confirmatory factor analyses were used to test the measurement part of the 
model. The descriptive statistics for the 22 variables showed those representing 
decisions with regard to equal word pairs in the Auditory Discrimination test 
(both real words and pseudowords) to be extremely skewed. Given that the only 
function of these word pairs was to serve as distracters, the variables were simply 
eliminated from subsequent analyses. The correlation between the factors was left 
free. 
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As can be seen from Table 3, the confirmatory factor analysis (LISREL) with 20 
variables showed an association of the variables with the factors as shown in 
Figure 1 to be quite plausible 
Table 3 Confirmatory factor-analysis for the theoretical model with 20 variables* 
1 AD up rw 
2 AD up pw 
3 WFP 
4 CM 
5 PSrw 
6 PSpw 
7 SBrw 
8 SBpw 
9 SPrw 
10 SPpw 
11 GK 
12 OMT 
13 WR rw lat 
14 WR pw lat 
15 WR rw ace 
16 WR pw ace 
17 SV es lat 
18 SV is lat 
19 SV es асе 
20 SV is acc 
Language 
0 65 
0 47 
0 69 
0 66 
0 00 
000 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
000 
0 00 
0 00 
0 00 
0 00 
Phonemic Sound 
Segmentation Blending 
0 00 
0 00 
000 
0 00 
0 90 
0 88 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 88 
0 81 
0 00 
0 00 
0 00 
000 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
Spelling Reading Rea dm g 
Comprehension 
000 
0 00 
0 00 
000 
0 00 
0 00 
0 00 
0 00 
0 87 
0 86 
0 63 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
000 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
000 
0 00 
0 00 
0 91 
-0 82 
-0 83 
0 62 
0 58 
0 00 
000 
0 00 
000 
0 00 
0 00 
0 00 
0 00 
000 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
000 
0 00 
0 00 
0 00 
0 00 
0 94 
0 94 
-0 36 
-0 56 
Note * χ 2 = 495 97 (df = 155) Goodness of Fit Index = 79 Variables with underlined figures were 
omitted for subsequent analysis Abbreviations see the list of abbreviations on page IX 
The χ 2 test of the resulting configuration was 495 97 (df = 155) with a Goodness of 
Fit Index of 79 The modification indices suggested that the model could never­
theless be improved In particular, two variables derived from the Word Recog­
nition test were found to load on the spelling factor as well (WR rw acc and WR 
pw acc) Two other variables derived from the sentence verification test (measur­
ing the percentage correct) showed low loadings on the factor reading compre­
hension (see Table 4 for the loadings) By omitting these four variables, the initial 
factor structure could be maintained, an analysis with the remaining 16 variables 
showed a smaller χ 2 (239 17 (df = 89), and the fit of the model improved con­
siderably ( 87) The alternative of combining the spelling and accuracy-of-word-
reading variables was also explored and will be discussed in a later section 
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Table 4 Confirmatory factor-analysis for the theoretical model with six factors and 16 
variables* 
1 AD up rw 
2 AD up pw 
3 WFP 
4 CM 
5 PSrw 
6 PSpw 
7 SBrw 
8 SBpw 
9 SPrw 
10 S P p w 
11 GK 
12 OMT 
13 WR rw lat 
14 WP pw lat 
15 SV es lat 
16 SV is lat 
Language 
0 65 
0 48 
0 69 
0 65 
0 00 
0 00 
0.00 
0 00 
0 00 
0 00 
000 
0 00 
0 00 
0 00 
0 00 
0 00 
Phonemic Sound 
Segmentation Blending 
0 00 
000 
0 00 
0 00 
0 90 
0 88 
0 00 
0.00 
0 00 
0 00 
000 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
000 
0 00 
0 88 
0 81 
0 00 
0 00 
0 00 
000 
000 
0 00 
0 00 
0 00 
Spelling Reading Reading 
Comprehension 
0 00 
000 
0 00 
0.00 
000 
0 00 
0 00 
0 00 
0 87 
0 87 
0 63 
000 
000 
0 00 
0 00 
0 00 
000 
0 00 
000 
000 
0 00 
0 00 
000 
0 00 
0 00 
0 00 
0 00 
0 88 
-0 84 
-0 88 
0 00 
000 
0 00 
0 00 
0 00 
000 
000 
0 00 
0 00 
0 00 
000 
0 00 
000 
0 00 
0 00 
0 00 
0 94 
0 95 
Note * χ 2 = 239 17 (df = 89) Goodness of Fit Index = 87 Abbreviations see the list of abbreviations 
on page IX 
The structural part of the analyses, relations between the factors 
In Figure 1, the assumed relations between the different factors are shown. Im­
position of the corresponding structural constraints was expected to reduce the 
Goodness of Fit Index for the initial model. The χ 2 for the structural model was 
still found to be acceptable, however. The χ 2 was 274.91 (df = 96) with a Goodness 
of Fit Index of .85. By omitting the structural relations with low path coefficients 
(below 10) the fit of the model improved only slightly, moreover. The χ 2 was 
243.39 (df = 95) with a Goodness of Fit Index of .87. In Figure 2, the final model 
with the relevant structural path coefficients is shown. 
The fit of the structural model is acceptable. The differences between the chi-
squares for the measurement model and the structural model were found to be 
non significant 243.39-239.17 = 4.22 (df = 6) It can be concluded from this 
confirmatory factor analysis that the initial model in this study with the omission 
of four variables is quite appropriate. 
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Figure 2 The initial model of the language-literacy relation with the factors Language, Sound 
Blending, Segmentation, Spelling, Reading, and Reading Comprehension after 
confirmatory factor-analyses 
Note. Comprehension = Reading Comprehension Abbreviations: see the list of 
abbreviations on page IX. 
Exploring and testing the alternative model 
The measurement part of the model 
The previous analyses involved the deletion of the variables Word Recognition 
and Sentence Verification (percentage correct). In the present analyses, these two 
variables were included in an exploratory factor analysis performed to determine 
the number of factors needed to represent the variables. 
As in the first set of analyses, the two auditory-discrimination variables show-
ing an extremely skewed distribution were omitted. Six-and five-factor-solutions 
were then postulated in an exploratory factor analysis with the correlations 
between the factors assumed to be free. The six-factor solution used here differed 
from that of the initial model (see Table 5). 
Three factors representing the same combinations of variables namely Lan-
guage, Phoneme Segmentation, and Sound Blending arose. However, three fac-
tors that can be referred to as Decoding Speed, Literacy Skills, and Reading Com-
prehension appeared to be defined by different variables than in the preceding 
analyses. Decoding Speed was defined by those variables referring to the speed of 
reading (latency). Literacy Skills was defined by Word Recognition test variables, 
the Spelling test, and Grapheme Knowledge. Reading Comprehension was a 
unique factor defined by only one Sentence Verification test variable (percentage 
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correct for correct sentences). Therefore, the factor Reading Comprehension was 
next omitted. In the exploratory analysis for five factors, the Language factor 
became difficult to interpret because an accuracy variable derived from the Sen­
tence Verification test was found to load on this factor. By omitting the two 
accuracy variables based on the Sentence Verification test, the five-factor solution 
with 18 variables became quite interpretable. In the next step, the measurement 
model with five factors (Language Skills, Phoneme Segmentation, Sound Blend­
ing, Decoding Speed, and Literacy Skills) was defined (see Table 6), and a confirm­
atory factor analysis was conducted. The χ 2 for this model was 386.95 (df = 125) 
with a Goodness of Fit Index of .82. 
Table 5 Exploratory factor-analysis for the alternative model with six factors and 20 variables 
Decoding Sound Language Phonemic Reading Literacy 
Speed Blending SegmentationComprehension Skills 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8 
9 
10 
11. 
12 
13. 
14 
15 
16 
17 
18 
19. 
20. 
AD uprw 
AD up pw 
WFP 
CM 
PSrw 
PSpw 
SB rw 
SB pw 
SPrw 
SPpw 
GK 
OMT 
WR rw lat 
WR pw lat 
WR rw ace 
WR pw ace 
SV es lat 
SV is lat 
SV es асе 
SV is асе 
0.29 
0.17 
0.41 
0.29 
0.26 
0.29 
0 14 
0 15 
0.47 
0.43 
0.36 
o.sz 
0.S5. 
O.SÉ 
0.55 
0.48 
-0.2Û 
-0.9J2 
0.35 
03è. 
0.11 
0.40 
0.04 
0.07 
0.37 
0.38 
om 
O.SÉ 
0.20 
0.23 
0 19 
-0 01 
-0.09 
-0.11 
0.17 
0.16 
-0.15 
-0.16 
0.04 
0.13 
074. 
0.M 
0.42 
0.5.S 
0.26 
0.25 
0 11 
0.27 
0.41 
0.48 
0.46 
0 31 
-0.21 
-0.18 
0.32 
0.37 
-0.29 
-0.31 
0 35 
0.34 
-0.19 
-0.02 
-0 47 
-0.40 
•0.73. 
-0.8Й 
-0.32 
-0.27 
-0.46 
-0.58 
-0.21 
-0.26 
0 21 
0.16 
-0.10 
-0.17 
0.23 
0 27 
-0 16 
-0.14 
0 34 
0.27 
0.39 
0.30 
0.21 
0.16 
0.10 
0.05 
0.28 
0.23 
0.26 
0 31 
-0.48 
-0.32 
0 47 
0 34 
-0.42 
0.31 
osi 
0,52 
0.44 
0.37 
0.46 
0.35 
0.41 
0.34 
0.24 
0.22 
0.S2 
0.76. 
0.63 
0.É1 
-0.38 
-0.41 
066 
0.74. 
-0.57 
0.57 
0.32 
0.34 
Note. Abbreviations: see the list of abbreviations on page IX. 
The modification indices indicated an improvement in the fit of this alternative 
model when the two variables with relatively low loadings were omitted, namely 
the variables Auditory Discrimination of pseudowords and the Word Recogni-
tion test for real words (see Table 6). The χ 2 for the model restricted to 16 variables 
was 241.15 (df = 94) with a Goodness of Fit Index of .88. The fit thus improved 
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considerably, and the loadings for the remaining 16 variables can be found in 
Table 7 
Table 6 Confirmatory factor-analysis for the alternative model with five factors and 18 
variables* 
Decoding Sound Language Phonemic Literacy 
Speed Blending Segmentation Skills 
1 OMT 
2 WR rw lat 
3 WR pw lat 
4 SV es lat 
5 SV is lat 
6 SBrw 
7 SBpw 
8 AD up rw 
9 AD up pw 
10 WFP 
11 CM 
12 PSrw 
13 PSpw 
14 SPrw 
15 SPpw 
16 GK 
17 WRrwacc 
18 W R p w a c c 
0 88 
-0 80 
-0 82 
-0 93 
-0 94 
0 00 
0 00 
000 
0 00 
0 00 
0 00 
0 00 
000 
0 00 
0 00 
0 00 
0 00 
000 
000 
000 
0 00 
0 00 
0 00 
0 89 
0 80 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
000 
000 
0 00 
0 00 
0 00 
0 00 
000 
0 66 
0 48 
0 68 
0 65 
000 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
000 
0 00 
0 00 
0 90 
0 88 
000 
0 00 
0 00 
0 00 
0 00 
0 0 0 
0 00 
0 00 
000 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
000 
0 00 
000 
0 86 
0 84 
0 65 
0 60 
0 68 
Note * χ 2 = 386 95 (df = 125) Goodness of Fit Index = 82 Variables with underlined figures were 
omitted for subsequent analysis Abbreviations see the list of abbreviations on page IX 
Relations between the factors 
The relations between Language, Phoneme Segmentation, and Sound Blending 
were assumed to be similar to the relations in the initial model of this study The 
factor Literacy Skills was defined to be a prerequisite for Decoding Speed literacy 
skills have to be developed for decoding speed to develop The alternative model 
with the path coefficients between the five factors is presented in Figure 3 The 
analysis revealed an acceptable fit The χ 2 was 243 63 (df = 97) with a Goodness of 
Fit Index of 87 
As in the analyses of the first model, the difference between the model with­
out constraints or free factor intercorrelations and the model with the hypoth­
esized relations is non significant (chi-squares 243 63-24115 (df = 3) = 2 48), which 
suggests that the fit of the structural part of the model is acceptable 
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0.88 
-0.80 
-0.82 
-0.93 
-0.94 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.89 
0.80 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.59 
0.74 
0.66 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.89 
0.88 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.87 
0.86 
0.63 
0.65 
Table 7 Confirmatory factor-analysis for the alternative model with five factors and 16 
variables* 
Decoding Sound Language Phonemic Literacy 
Speed Blending Segmentation Skills 
1. OMT 
2. WR rw Iat 
3. WR pw lat 
4. SV es lat 
5. SV is lat 
6. SB rw 
7. SBpw 
8. A D u p r w 
9. WFP 
10. CM 
11. PSrw 
12. PSpw 
13. SPrw 
14. S P p w 
15. GK 
16. W R p w a c c 
Note. * X 2 = 241.15 (df = 94). Goodness of Fit Index = .88. Abbreviations: see the list of abbreviations 
on page IX. 
In Figure 3, Language Skills can be seen to exert a direct influence on all other 
factors: Sound Blending, Phoneme Segmentation, Literacy Skills, and Decoding 
Speed. A strong unidirectional relation can be seen to exist between Language 
Skills and both Phoneme Segmentation and Literacy Skills. Sound Blending 
exerts a direct influence on Phoneme Segmentation, with no reciprocal relation. 
Phoneme Segmentation exerts a mild influence on Literacy Skills, but again with­
out a reciprocal relation. A strong relation exists between Literacy Skills and De­
coding Speed. 
The preceding analyses show both the initial model and the alternative model 
to be supported by the data in the present study (initial model: χ 2 = 243.39 (df = 
95), Goodness of Fit Index .87; alternative model: χ 2 = 243.63 (df = 97), Goodness of 
Fit Index .87). The main difference between the models is that there is no 
distinction between Reading and Spelling in the alternative model where a dis­
tinction between Literacy Skills and Decoding Speed is made instead. For reasons 
of parsimonity, but also because of theoretical considerations (see Discussion), the 
five-factor model is to be preferred over the six-factor model. 
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Figure 3 The alternative model with the factors Language, Sound Blending, Segmentation, 
Literacy Skills, and Decoding Speed 
Note. Abbreviations: see the list of abbreviations on page IX. 
Discussion 
The initially hypothesized language-literacy relation can be accepted on the basis 
of the preceding LISREL analyses. The LISREL procedure also showed another 
model to fit the data equally well, however. 
The factors distinguished in the initial model were confirmed. Language, Pho-
neme Segmentation and Sound Blending were found to be separate factors along 
with Spelling, Reading, and Reading Comprehension. All literacy skills could be 
considered to be directly influenced by language skills, as suggested by Mattingly 
(1972); Downing and Leong (1982a) and Mommers (1987). A direct influence of 
Language on Phoneme Segmentation and Sound Blending is in accordance with 
Tornéus (1984), who also found a direct influence of language development on 
phoneme segmentation and sound blending. Language was also found to directly 
affect Spelling but not Reading or Reading Comprehension. That is, the effects of 
Language on Reading and Reading Comprehension appear to be indirect. 
The direct influence of Language on Spelling but not on Reading may be 
explained by the composition of the factor Reading in the present study. The accu-
racy subtests for the factor Reading (WR rw, WR pw) were removed during the 
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LISREL procedure. As a consequence, this factor basically became a Decoding 
Speed factor. According to Mommers (1987), Language does not directly influence 
the speed of reading but the accuracy of reading. Having removed the accuracy 
component of the Reading factor, thus, a direct effect of Language can hardly be 
expected. In this stage of literacy acquisition, moreover, spelling is known to be 
closely connected to reading accuracy Mommers (1987). According to Cataldo and 
Ellis (1988) who assessed the early interactive processes of the development of 
reading, spelling, and implicit and explicit phonological awareness in a group of 
children at four time-points, reading may initially develop from spelling. 
The importance of phonological awareness for reading and spelling has been 
established in the literature, but often no distinction is made between the relative 
contribution of phoneme segmentation and sound blending (Cataldo & Ellis, 
1988; Mommers, 1987; Tornéus, 1984). In the present study, however, these were 
defined as separate factors because they are assumed to play different roles in 
reading and spelling. Considering their differential influence, the data suggest 
that Phoneme Segmentation directly influences Spelling rather than Reading, 
which is in keeping with van Bon and Duighuisen (1995). An indirect influence 
of Sound Blending on Spelling exists with the influence of Phoneme Seg-
mentation on Spelling in between. Contrary to the expectation, Reading did not 
appear to be influenced by Sound Blending. This is probably again due to the 
changed composition of the Reading factor. 
There is a strong relation between Reading and Reading Comprehension, as 
also hypothesized. Reading directly effects Reading Comprehension, and this 
finding is similar to those from other studies Quel, Griffith, & Gough, 1986; 
Mommers, 1987; Tornéus, 1984). 
In the introduction to this study, it was suggested that predominantly uni-
directional relations would exist between language, reading, and spelling during 
the early stages of the development of literacy. The data give support for this 
hypothesis. Phonemic awareness skills were hypothesized to bear reciprocal rela-
tions to reading and spelling but they were found to bear only a unidirectional 
relation. This is contrary to Perfetti, Beck, Bell, and Hughes (1987), who per-
formed a longitudinal study of first graders at four points throughout the year 
and concluded that phonemic knowledge and learning to read and spell develop 
mutually. 
The modification indices for the initial model showed the model to improve 
when the Reading variables were allowed to load on the same factor as the Spell-
ing variables. LISREL analyses produced an alternative model with five factors: 
Language, Phoneme Segmentation, Sound Blending, Literacy Skills, and Decod-
ing Speed. The results showed a strong direct effect of Language on Phoneme 
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Segmentation and Literacy Skills but not on Sound Blending or Decoding Speed. 
Phoneme Segmentation is again directly influenced by Sound Blending, and the 
factor Literacy Skills is moderately influenced by Phoneme Segmentation. The 
factor Literacy Skills was assumed, as an accuracy task, to precede the factor Decod-
ing Speed. Mommers (1987) concluded that accuracy is a prerequisite to learning 
to decode quickly, and a direct effect was indeed found in our analyses. 
Which model is better cannot be concluded on the basis of the LISREL ana-
lyses. The two models were found to have a similar fit. In the alternative model 
the factor Reading Comprehension is lacking as a result of the omission of the 
two accuracy variables from the Sentence Verification test. These two variables 
did not appear to form a specific reading comprehension factor (either alone or 
together with the sentence verification speed variables) and tended to load on the 
factor Language, which tangled up the entire factor structure. This loading ap-
pears to correspond to view of reading presented by Gough and Tunmer (1986), 
who state that once the printed matter is decoded, the reader simply applies 
exactly the same mechanisms that he or she would apply to the spoken equi-
valent of the text. The two accuracy variables from the Sentence Verification test 
were nevertheless omitted because they made the results so unclear. Another 
difference between the two models lies in the occurrence of the factor Spelling in 
the initial model and of the factor Literacy Skills in the alternative model. The 
factor Literacy Skills not only contains the spelling variables but also the variables 
measuring reading accuracy. Yet another distinction between the two models 
concerns the factors Reading in the initial model and Decoding Speed in the 
alternative model. It has already been suggested that the factor Reading in the 
initial model is a Decoding Speed factor. It can be concluded from this that the 
distinctions between Spelling and Reading in the initial model and Literacy Skills 
and Decoding Speed in the alternative model correspond to the accuracy and 
speed aspects of literacy. Mommers (1987) and others have distinguished the 
ability to spell and sound out words from the speed with which these coding 
processes takes place. Our analysis, similarly, suggests that the essential distinc-
tion at the beginning stages of literacy is not so much between reading and spell-
ing but between accuracy and speed. We therefore prefer the alternative model 
because it, in addition to being the most parsimonious model, most explicitly 
expresses the critical factors in beginning literacy. Reading speed appears to be 
influenced by the accuracy of reading and/or spelling. In further research this 
could be investigated, for example, by training studies. 
A practical implication of our findings is that at this stage of literacy develop-
ment, reading and spelling need not be distinguished. Most school literacy 
courses emphasize the reading process, but our findings suggest that the inte-
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gration of spelling and reading should not be avoided when reading speed is the 
primary goal. 
Another implication of the results of this study is that phonological skills can 
be considered to mediate between language and reading, spelling. Not only pho-
nological skills play an essential role in the beginning process of reading and 
spelling, as revealed by numerous studies (Cataldo & Ellis, 1988; Ellis, 1994; Tor-
néus, 1984); general language competence was also found to directly influence 
reading and spelling. This finding is confirmed by Mommers (1987), although he 
emphasized the direct influence on reading comprehension alone. Our findings 
suggest that instruction in language knowledge may be an important part of the 
early stages of learning to read. 
Finally, the alternative model proposed here is in accordance with a sequential 
relation between language skills, reading, and spelling, although the relevant va-
riables were assessed at the same time. The development of language skills pre-
cedes reading and spelling development and does not bear a reciprocal relation to 
these skills during the early stages of literacy. 
In sum, the relations between language and literacy were investigated in this cor-
relational study. An attempt was first made to delineate our rather simple model 
of language and literacy acquisition for the second grade. The expected factor 
structure was verified. The importance of phonological skills in literacy devel-
opment was confirmed along with the importance of general language ability. 
The phonological skills showed unidirectional relations to reading and spelling, 
and a strong relation was observed between reading and spelling. A strong rela-
tion between reading and reading comprehension was also found. After consider-
ation of an alternative model, it was decided that the alternative model should be 
preferred over the initial model because it makes an important distinction 
between the speed and accuracy aspects of literacy development. More generally, 
it can be concluded that the findings of the present study supports the findings of 
Mommers (1987) and Cataldo and Ellis (1988), namely that spelling ability con-
tributes to reading achievement. 
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Chapter 8 
General discussion: Conclusions and implications for theory and educational 
practice 
In this last chapter, the outcomes of the Nijmegen Otitis Media Study with 
respect to the consequences for later language and educational attainment are 
summarized and discussed. The practical implications of the present findings are 
also considered. 
Main findings 
In Chapter 2, the association between preschool OME and language ability at age 
seven was studied. The results indicated that a history of OME between two and 
four years of age does not have negative consequences for the variety of language 
abilities studied at seven years of age. These abilities range from phonological 
skills to understanding the implications of particular words and constructions. 
That is, a variety of linguistic abilities were investigated but OME did not appear 
to affect later morphological, semantic, or phonological abilities. Even a high fre-
quency of OME did not appear to affect performance. Intermittent or recurrent 
OME was also not found to affect language ability more than continuous OME. As 
treatment with ventilation tubes can be expected to affect only those skills nega-
tively affected by OME, benefit of treatment with ventilation tubes could hardly 
be expected and was, in fact, not found in these analyses. 
In Chapter 3, the association between preschool OME and educational attain-
ment at age seven was studied. The results suggested that OME with a duration of 
at least three to six months does not significantly affect later reading or math abil-
ities. A small but significant effect of OME on later spelling and writing abilities 
was found when the children's test scores and teacher ratings were examined. 
This effect of OME does not increase with its frequency. Children with an inter-
mittent hearing loss were also not found to have lower reading and spelling 
scores than children with a continuous hearing loss. Positive effects of treatment 
with ventilation tubes were found, but only for the teachers' ratings of spelling 
and writing performance. 
In Chapter 4, the relation between preschool, bilateral OME and parental/-
teacher evaluations of the children's language ability was examined. In general, 
no differences between the children with a history of OME and the controls were 
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found with regard to the parental/teacher ratings received for the factors Lan-
guage ability, Talkativeness, and Presentation. However, we did observe a small 
effect for the factor Orderliness, which includes the child's listening attitude, ad-
herence to the topic of conversation, and ability to take the listener's point of 
view on that which is told into consideration. The frequency of OME appears to 
bear no relation to the parental/teacher judgements with regard to the language 
behaviour of the children, and intermittent OME does not appear to have more 
negative consequences than continuous OME. In addition, no positive effects of 
treatment with ventilation tubes were found for the evaluations of the children's 
later language behaviour. 
In Chapter 5, the effects of OME in combination with individual risk factors 
and an increasing number of risk factors were investigated with respect to lan-
guage, reading, and spelling at the age of seven years. The results showed the 
combined effect of early bilateral OME with other risk factors to be only small. 
OME in combination with the individual risk factors of low educational level of 
parents, low non-verbal intelligence, preterm birth and/or low birthweight, and a 
first language other than Dutch produced no significant differences. Boys' spell-
ing was found to be affected by a history of OME in particular, but treatment with 
ventilation tubes did not have an effect. These results do not confirm the predict-
ed incremental effect of OME in combination with an increased number of risk 
factors. However, preterm birth and low birthweight children are very susceptible 
to OME (they all showed a history of OME with the exception of two children) 
and the additional effect of OME is therefore difficult to determine. Given their 
lower scores when compared to the controls on later non-verbal intelligence, 
phonological ability, grapheme knowledge, spelling, and reading, we concluded 
that the group of preterm and/or low birthweight babies should be considered 
particularly at risk for later language and educational problems with the specific 
role of the OME remaining unclear. 
In Chapter 6, the effects of childhood OME on language, reading and spelling 
at the age of seven were examined. The results showed the occurrence of OME in 
no period between birth and the age of seven years to be particularly detrimental. 
Treatment with ventilation tubes also showed no period effects. A frequency 
effect of OME from birth to the age of seven years was found to occur for Auditory 
Discrimination and Orderliness as judged by parents. When the treated children 
were added to the OME group, moreover, Grapheme Knowledge, Language abil-
ity, Orderliness, and Presentation as judged by both the parents and the teachers, 
also appeared to be affected bij the frequency of the OME. 
In Chapter 7, the results of a correlational study exploring the relations 
between the dependent variables in the present study and testing our ideas about 
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the language-literacy relation were reported. More specifically, a correlational 
model of the language and literacy acquisition of second graders was defined. The 
factor structure of this model was verified, and the hypothesized language-
literacy relation was found to be acceptable. After consideration of an alternative 
model, it was decided that the alternative model should be preferred over the 
initial model because of its emphasis on the speed and accuracy aspects of the 
development of literacy. That is, the speed and accuracy of children's literacy 
development appear to be more important for the literacy development than the 
distinction between reading and spelling contained in the initial model. 
Common to the findings in chapters 2, 3, 4, and 5 - where the effects of OME 
between two and four years on later language skills and educational attainment 
are considered - is the finding of only a very small effect. These results cor-
respond to the findings of other prospective cohort studies from Roberts, Bur-
chinal, Davis, Collier, and Henderson (1991), Lous and Fiellau-Nikolajsen (1984), 
and Lous, Fiellau-Nikolajsen, and Jeppesen (1988). Early OME simply does not 
affect later reading or math abilities. The effects of early OME on later spelling and 
writing ability and on the orderliness of the children's speaking and listening (as 
judged by teachers) were also quite small. Only 2% of the variance in the spelling 
test scores, 3% of the variance in the teachers' ratings of writing ability, and 2% 
of the variance in the teachers' judgements of the orderliness of the children's 
speaking and listening, could be explained by the early occurrence of OME. 
In both this study and the study of Roberts, Burchinal, and Campbell (1994), 
the effects of the frequency of the OME and the continuous versus recurrent 
nature of the OME were systematically considered. Even with high frequencies of 
OME between the ages of two and four years, the children's later performance did 
not appear to be affected The results suggest that an increased number of OME 
episodes between the ages of two and four do not affect later language ability, later 
language behaviour (as rated by parents and teachers), or later reading and spell-
ing. In the present study intermittent as opposed to more continuous OME was 
also not found to be particularly detrimental to later language ability, judged lan-
guage ability, or educational attainment (see Chapters 2,3 and 4). 
The present study does not provide any support for a combined effect of early 
OME and other risk factors on later language, reading, and spelling performance 
(see Chapter 5). OME does not appear to produce an incremental effect when 
combined with an increasing number of other risk factors (being a boy, low socio-
economic status of parents, low intelligence, preterm birth and low birthweight, 
and children with a first language other than Dutch), and OME in combination 
with a single risk-factor generally produced only minor effects, with the exception 
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of boys' spelling which was found to be influenced more negatively by a history 
of OME than girls' spelling Roberts et al (1991) have also suggested that gender 
differences may exist m the effects of OME on children's language development 
although they failed to find a consistent pattern of differences In the present 
study (see Chapters 2 and 5), gender differences in spelling ability alone were 
found and no gender differences in language ability, thus All but a few of the 
children with a preterm birth and/or low birthweight were found to have a his-
tory of OME, which suggests that they may be very susceptible to OME (see 
Chapter 5) This finding is in accordance with Engel, Anteunis, Hendriks, and 
Marres (1996), and it also suggests that the combination of OME with a preterm 
birth and /or low birthweight may put these children at a particular risk for later 
language and educational problems 
As already noted, the present study was also extended from the period between 
two and four years to include four periods between the ages of zero and seven 
years (see Chapter 6) The results for children between zero and two years, two 
and four years, four and seven years, and at the age of seven suggest no period m 
which the occurrence of OME is particularly detrimental This finding is in 
contrast to the findings of Roberts et al (1994), who report children with OME 
occurring between birth and three years to be rated by teachers as less task-
oriented and less able to work independently than other children at the age of 
eight years In our study, the occurrence of OME in any other of the four periods 
was generally not detrimental for later language ability, judged language behav-
iour, or educational skills There were some minor effects in the expected nega-
tive direction, but also effects clearly contradicting our hypotheses Although the 
separate periods of study did not produce interpretable results, a frequency effect 
for the four periods considered together was found for Auditory Discrimination 
Using tests of low-level psychohnguistic abilities, other studies from the Nijme-
gen Otitis Media Study also found the occurrence of OME to affect children's later 
auditory perception (Groenen, Crul, Maassen, & van Bon, 1996, Schilder, Snik, 
Straatman, & van den Broek, 1994) A frequency effect of OME was also observed 
for the orderliness of the children's speaking and listening (as judged by parents); 
when the treatment group was added to the OME group, additional detrimental 
effects were found to occur for Grapheme Knowledge and parental/teacher evalu-
ations of the children's Language ability, Orderliness, and Presentation 
In general, no positive effects of treatment with ventilation tubes were found 
(see Chapters 2, 3, 4, 5 and 6) As preschool OME was only found to negatively 
affect children's spelling skills, treatment with ventilation tubes could only be ex-
pected to affect such skills The teachers' ratings of writing performance indeed 
showed positive effects of treatment, but it was nevertheless concluded on the 
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basis of the findings presented in Chapter 6 that treatment with ventilation tubes 
is not particularly beneficial in any of the four OME periods between birth and 
seven years. No clear conclusions can be drawn, however, because some of the 
treatment effects were actually found to contradict our hypotheses. 
In our examination of some of the assumptions underlying the Nijmegen Oti-
tis Media Study, and some putative interrelations between language and literacy 
(see Chapter 7), language skills were assumed to mediate between the hearing loss 
caused by OME and later reading and spelling. Tests of the proposed correlational 
model confirmed our ideas about the language-literacy relation. The importance 
of phonological skills for the development of literacy skills was confirmed to-
gether with the importance of a general language ability. All of the literacy skills 
were found to be directly influenced by the language skills with the exception of 
reading, which could be explained by the fact that the reading factor is basically a 
decoding speed factor. Language skills are assumed to directly influence the 
accuracy of reading rather than the speed (Mommers, 1987), and a direct relation 
between phoneme segmentation and spelling rather than reading was indeed ob-
served in keeping with van Bon and Duighuisen (1995). An indirect influence of 
sound blending on spelling exists with phoneme segmentation mediating this 
relation, which could again be explained by the composition of the reading factor. 
A strong relation was observed between reading and spelling, and a strong rela-
tion was also found to exist between reading and reading comprehension. The 
analyses suggested an alternative model of the language-literacy relation with the 
distinction between the speed and accuracy aspects of literacy receiving greater 
emphasis than the distinction between reading and spelling during the develop-
ment of literacy. In testing and adapting this model, it was also concluded that 
spelling experience can contribute to reading ability. The initial model was found 
to be acceptable, which suggests that the variables we expected to measure were 
indeed measured. 
Discussion 
The results of the present study are important because a number of the method-
ological shortcomings and biases encountered in previous studies of the relations 
between early OME and later academic development were avoided. The design of 
our study was longitudinal; the OME histories of the children between the ages of 
two and four were systematically documented; a birth cohort formed the basis for 
the study in order to minimize selection bias, and the outcome measures were 
collected at a defined period and independent of the child's history. No differ-
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enees were observed between the characteristics of the main subject groups, the 
OME group, and the controls, moreover. 
Several possible explanations for the findings that do not support our hypoth­
eses - namely that OME in early childhood may have a major negative impact on 
later language and academic performance - should be considered. The first ex­
planation concerns the possible power of the study. The number of children in­
cluded in this study was large and existed of about 300 children from the original 
birth cohort with clearly defined and contrasting OME histories. The sample sizes 
varied depending upon the questions addressed in the studies, but were generally 
rather large. 
A second possible explanation for the findings not in keeping with our hy­
pothesis could be the determination of the OME using tympanometry and the 
reliability of this method (Zielhuis, Rach, & van den Broek, 1989). High correla­
tions have indeed been found between OME and levels of hearing (Friel-Patti & 
Finitzo, 1990; Schilder , Zielhuis, Haggard, & van den Broek, 1995), although the 
hearing loss may vary considerably as Schilder, Zielhuis, Straatman, & van den 
Broek (1993) have shown: a type В tympanogram was associated with a mean 
hearing loss of 20 dB, but the range extended form 5 to 45 dB. By using tympano­
metry as an indicator of hearing ability at the preschool age, it is possible that 
some children with the severe hearing loss may have been missed. According to 
Schilder (1993), however, reliable hearing thresholds are generally difficult to 
determine in young children, and this means that the use of other indices would 
not change the outcome of the present study. 
A third explanation pertains to the relation between OME and later language 
and educational achievement. It is possible that the detrimental effects of the 
OME on the language and educational achievement of the children only manifest 
themselves at the time of the OME (Roberts et al., 1994). It may be that the 
children quickly catch up with the normally-achieving children when the OME 
disappears. The short-term association between OME and language/educational 
attainment may thus have been missed. However, the children in the present 
study were also screened for OME at the age of seven years and no short-term 
association between the occurrence of OME and their language and educational 
achievement at that same time could be found. 
A fourth explanation is that the choice of tests used to study the relation 
between early OME and later language and educational skills was simply in­
adequate. It was attempted to cover a broad range of language skills by using both 
standardized and non standardized tests along with questionnaires for both 
parents and teachers. Our implicit correlational model of the language-literacy 
relation was found to be acceptable, which suggests that the variables we intended 
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to measure were indeed measured. It is nevertheless possible that measures in 
even more specific areas may have significantly related to the children's OME ex-
periences. Groenen, Crul, Maassen, and van Bon (1996), for example, extended 
the Nijmegen Otitis Media Study by administrating tests in the area of auditory 
perception to a selected group of subjects. Their conclusion was that the children 
with early OME showed poorer sensitivity to voicing cues and less distinctive 
phonetic categorization than the control children. OME may indeed cause such 
low-level language problems for some children. The results of the present study 
were contradictory. No effects of OME on auditory discrimination were found in 
Chapter 2, but a frequency effect of OME between birth and seven years was found 
for auditory discrimination in Chapter 6 and the negative effect of OME on spell-
ing was attributed in Chapter 3 to the less-adequate handling of spoken words. 
Perhaps these children indeed suffer from a poorer auditory representation of 
words. 
A fifth explanation for the lack of a relation between OME and later language 
and educational measures could be possible remediation as a result of speech 
therapy and/or remedial teaching. In Chapters 2 and 3, however, it was determin-
ed that OME subjects did not receive more help or more frequently stay back in 
school than the other children. 
A sixth explanation concerns the interactive behaviour of the OME children 
in particular and their parents/teachers. It has been suggested that intermittent 
OME may make it more difficult for parents and teachers to provide appropriate 
stimulation and thus affect later development (Roberts et al., 1994). It is equally 
possible, however, that parents and teachers adequately adapt to and compensate 
for the changes in the children's interactive behaviour caused by OME and only a 
small negative effect of OME is thus detected. 
A seventh explanation pertains to the discussion of a possible 'critical period' 
for the occurrence of OME. A critical period implies that a specific experience 
occurring at a particular time in the life span will affect the development of an 
organism more than it would at other times (Colombo, 1982). The period between 
two and four years may not be as sensitive as suggested for the effects of OME, and 
this would explain the finding of only a small detrimental effect of OME. 
Children may also have the capacity to compensate particularly effectively for the 
detrimental effects of OME in such a critical period, and this suggests that the 
negative influence of OME may in some sense be masked. In addition, the period 
between birth and two years of age may be more relevant for later linguistic 
development and OME at a later age, i.e., at the time of learning to read and write, 
may particularly interfere with the acquisition of literacy. Only further research 
will tell. 
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Implications for theory and practice 
Professionals, such as psychologists, speech and hearing therapists, general practi-
tioners, and ear-nose-throat surgeons, are often convinced of a causal relation 
between OME and developmental problems. However, the results presented in 
this thesis suggest that the detrimental effects of early OME for school-aged 
children appear to be of little practical importance. When there is an effect of 
OME, most of the children appear to overcome the possible short-term effects of 
the OME as soon as the disease disappears - even when the OME has been long-
lasting. This conclusion does not change when the frequency of the OME, the 
nature of the OME, or the existence of other risk factors are taken into account. 
Parents, teachers, and general practitioners, therefore, generally need not be con-
cerned about the effects of OME on later development. 
The impact of OME, at least between two and four years, also does not seem to 
justify surgical treatment for the prevention of later language and educational 
problems. Early identification and possible treatment for children with preterm 
birth and/or low birthweight is recommended, however, as these children appear 
to be highly susceptible to OME and do show later language and educational pro-
blems. 
Further research should not only focus on the effects of OME for children with 
preterm birth and/or low birthweight but also on the effects of OME on auditory 
perception. Further research is also needed to support the findings with regard to 
the effects of OME on the orderliness of the children's speaking and listening. 
The period in which OME may be most damaging is still open to question too and 
therefore merits further research as well. These subjects, theoretical questions, 
and the necessity of treatment with ventilation tubes for reasons other than the 
prevention of later language and educational problems underline the need for 
continued research. 
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Summary 
Otitis media with effusion (OME) is one of the most common diseases among 
young children. The term OME refers to an inflammation of the middle ear ac-
companied by accumulation of fluid in the middle-ear cleft without the signs and 
symptoms of acute infection. The presence of fluid results in a mild to moderate 
hearing loss. This hearing loss is generally assumed to bring about speech and 
language problems. As learning to read and spell depends on language develop-
ment, the later reading and spelling problems encountered by some children may 
have their origins in the language-processing problems caused by such an early 
hearing loss. 
The present thesis is a follow-up on the epidemiological Nijmegen Otitis Media 
Study. A complete birth cohort of 1439 children born in Nijmegen between 1 Sep-
tember 1982 and 31 August 1983 was followed from the second to the fourth years 
of life. OME data were gathered every three months, and these data constitute the 
basis of this study. Between September 1990 and February 1991, the children who 
were seven-and-a-half to eight years of age by then and still living in the Nij-
megen area, were invited to participate in a follow-up study. Of the 1160 children 
invited, 946 were examined otologically and audiologically at the Department of 
Otorhinolaryngology at the Nijmegen University Hospital. This examination 
included an Ear-Nose-Throat (ENT) history with regard to the period between 
four and eight years of age. The otologic and auditory results of this follow-up are 
presented by Schilder (1993). The later oral-language ability and educational 
attainment of a smaller sample of the 946 children were also studied and con-
stitute the focus of the present study. Three groups of children were asked to par-
ticipate: children without a history of OME (controls), children with a history of 
OME, and children with a history of OME treated with ventilation tubes. Of the 
395 children selected for inclusion in the present study, 305 (78%) were finally 
examined. 
In Chapter 1, an introduction to the Nijmegen Otitis Media Study is presented. A 
short review of the literature with regard to the consequences of early Otitis Me-
dia with Effusion for language and school achievement is presented, and it is con-
cluded that the evidence for a detrimental effect of OME is as yet inconclusive. 
An overview of the Nijmegen Otitis Media Study and the research questions to 
be addressed in the subsequent chapters is then presented. 
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In Chapter 2, the relationship between early OME (between two and four years of 
age) and later language ability (at seven years of age) in a group of children with 
systematically documented bilateral OME was examined. The results show a 
history of OME between two and four years of age to have no negative conse-
quences for oral language performance at seven years of age. OME does not ap-
pear to affect later morphological, semantic, or phonological abilities. The results 
of this study also show even very frequently occurring OME to not affect later 
language ability. Intermittent as opposed to more continuous OME was also not 
found to affect later language ability negatively. In addition, no benefit of treat-
ment with ventilation tubes was found in the data. 
In Chapter 3, the relationship between early OME and later educational attain-
ment was studied with attention to reading and spelling ability at the age of seven 
years. The results show OME to affect spelling and writing ability but not reading 
or math ability at seven years. The effects on spelling and writing ability were 
nevertheless quite small. The effects of OME did not increase for frequently 
occurring OME. Also, a recurrent hearing loss did not appear to have more detri-
mental effects than a continuous hearing loss. Effects of treatment with ventila-
tion tubes were not found. Only the teachers' ratings of writing ability suggested a 
slight advantage of treatment with ventilation tubes. In conclusion, the educa-
tional consequences of early OME appear to be very small. 
In Chapter 4, the relation between OME and evaluated language ability at seven 
years of age was examined. At the time of follow-up, the parents and teachers 
were asked to complete a questionnaire concerning the children's use of language 
at the age of seven years. The language behaviour of 178 children was evaluated, 
and four factors could be distinguished: language ability, orderliness, presenta-
tion, and talkativeness. A history of OME was found to be of minor importance 
for the orderliness of the children's speaking and listening. The frequency of 
OME between the ages of two and four years appeared to bear no relation to the 
evaluations of their language behaviour at the age of seven. Intermittent OME 
also does not affect later language behaviour more than continuous OME. Posi-
tive effects of treatment with ventilation tubes on the later language behaviour of 
the children could also not be detected. 
In Chapter 5, the effects of OME in combination with individual risk factors and 
an increasing number of risk factors were investigated. The results showed OME 
to produce no effects in combination with any of the following risk factors alone-
low educational level of parents, low non verbal intelligence, preterm birth 
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and/or low birthweight (LBW), a language other than Dutch as a first language. 
Only one interaction with a single risk factor was found: namely, boys with a his-
tory of OME showed a lower spelling ability than boys without a history of OME. 
Treatment with ventilation tubes produced no differences for the boys when 
compared to no treatment, however. The finding of no effect of OME in com-
bination with a preterm birth and/or low birthweight is related to the finding 
that in this study a remarkably high proportion of preterm and LBW children 
was found to have a history of OME (17 of the 19 children). When this group was 
compared to the control group, OME in combination with a preterm birth and/or 
low birthweight appears to put children at risk for later language and educational 
problems. The hypothesis that more risk factors would produce a larger effect of 
OME on later language, reading, and spelling performance was not confirmed. 
Although a significant negative linear relation between the number of risk fac-
tors and later functioning was found, OME in combination with an increased 
number of risk factors did not show an incremental effect of OME. 
In Chapter 6, the relation between the occurrence of OME in particular periods 
and measured language ability, judged language ability, and school attainment at 
the age of seven, was examined. Data on OME were available for the periods be-
tween birth and two years (anamnestic data), two and four years (tympanometric 
measurements), four and seven years (anamnestic data and medical records), and 
at seven years (tympanometric measurements). For every period, the children 
could be assigned to either the control group (children who had not suffered from 
OME in that particular period), the OME group (children who had suffered from 
OME), or the OME-VT group (children who had suffered from OME and been 
treated with ventilation tubes). In order to study the effects of OME in each 
period, the OME children were compared to the control children with illness 
history in the remaining periods controlled for (i.e., the children differed only 
with respect to their OME condition within the period of interest and thus not 
with respect to their condition in the other periods). The OME-VT children were 
compared to the OME children in order to examine the effects of treatment in 
each period (controlling for illness history in the remaining periods). In addition, 
the possible associations between frequency of OME and language ability and 
educational attainment were examined. A frequency effect was found for auditory 
discrimination and for orderliness as judged by the parents. Although some 
negative effects of OME and positive treatment (VT) effects were observed for a 
number of the dependent variables, no consistent patterns were found. Effects in 
the expected direction but also in the opposite direction were found. The results 
suggest no period in which OME is particularly detrimental and no consistent 
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negative effect of OME on the specific abilities or judged abilities of the children. 
Effects for the insertion of ventilation tubes were also absent. 
In Chapter 7, the language-literacy relation was examined. Data from 184 children 
during their second year of reading and spelling instruction were used to test a 
model of the relation between language and literacy skills. It is suggested that 
reading and spelling are secondary linguistic skills dependent upon a child's oral-
language competence and that this relation may be reciprocal (for example, 
reading may also contribute to the growth of children's vocabulary knowledge). 
During the beginning stages of literacy, however, the relation between language 
skills and reading/spelling ability was expected to be largely unidirectional. Pho-
neme-awareness skills have a special status in current theories of the relation 
between language and literacy. Phoneme segmentation and sound blending are 
considered crucial mediative skills for the development of reading and spelling. 
They probably develop during and as a result of literacy education. The relation 
between written-word decoding, language, and reading comprehension was also 
studied because reading comprehension may be the product of both decoding skill 
and listening skill. The data from the LISREL analyses show the model to be 
acceptable but, at the same time, suggest an alternative model. In this model, the 
speed and accuracy aspects of beginning literacy are more important than the 
distinction between reading and spelling. On the basis of the available data, we 
prefer the latter model. 
In Chapter 8, a general discussion of our results is presented and we conclude that 
the detrimental effects of early OME on later language skills and educational 
attainment are negligible. Most children appear to overcome the short-term ef-
fects of OME even when the OME is long-lasting. The results of the Nijmegen 
Otitis Media Study do not change when the frequency of the OME, the nature of 
the OME, or the existence of other risk factors are taken into account. Parents, 
teachers, and general practitioners, therefore, generally need not be concerned 
about the effects of OME on later development. However, early identification and 
treatment of children with preterm birth and/or low birthweight is recommend-
ed, as these children appear to be highly susceptible to OME and do show later 
language and educational problems. In addition, the minimal impact of OME 
experienced between two and four years, does not seem to justify large-scale 
surgical treatment for the prevention of later language and educational problems. 
In sum, the results presented in this thesis do not confirm the hypothesis that 
mild hearing loss due to OME between the ages of two and four years leads to 
later problems in language ability and academic achievement. 
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Otitis media met effusie (OME) is een van de vaakst voorkomende aandoeningen 
op kinderleeftijd. De aandoening wordt gekenmerkt door de aanwezigheid van 
vocht in het middenoor zonder tekenen van een acute infectie. Er wordt ver-
ondersteld dat het gehoorverlies waarmee OME gepaard gaat, nadelige gevolgen 
kan hebben voor de mondelinge spraak- en taalontwikkeling. De vorderingen op 
school die afhankelijk zijn van de taalontwikkeling, in het bijzonder het lezen en 
spellen, zouden hierdoor ook belemmerd kunnen worden, omdat OME meestal 
voorkomt in een periode die voor de taalontwikkeling belangrijk is. 
Dit proefschrift is een vervolgstudie van het zgn. KNOOP-onderzoek (Katholieke 
Universiteit Nijmegen oor onderzoek project) dat werd uitgevoerd door de 
afdeling Keel-, neus- en oorheelkunde, de vakgroep Medische informatiekunde, 
epidemiologie en statistiek, en de vakgroep Orthopedagogiek. Het oorspronke-
lijke KNOOP-cohort omvatte een compleet geboortecohort van 1439 kinderen, 
geboren in Nijmegen tussen 1 september 1982 en 31 augustus 1983. Van hen 
werden 1328 kinderen van hun tweede tot hun vierde jaar driemaandelijks on-
derzocht op OME door middel van tympanometrie, waarmee de beweeglijkheid 
van het trommelvlies kan worden bepaald en daarmee de aanwezigheid van 
vocht in het middenoor. 
Voor de vervolgstudie werden tussen september 1990 en februari 1991 de kin-
deren die nog in de regio Nijmegen woonden en die inmiddels ruim 7 tot 8 jaar 
oud waren, uitgenodigd voor een otomicroscopisch, toon-audiometrisch en 
tympanometrisch onderzoek. Van de 1160 uitgenodigde kinderen namen er 946 
deel. Ook werd informatie verzameld over de periode van vier tot acht jaar (de 
periode tussen het eind van het eerste onderzoek en het begin van het tweede 
onderzoek) aan de hand van vragenlijsten over keel-, neus en ooraandoeningen 
en de behandeling daarvan. De resultaten van het vervolgonderzoek dat gericht 
was op de otologische en audiologische gevolgen van OME zijn beschreven door 
Schilder (1993). Bij een deel van de kinderen, geselecteerd op basis van de mate 
van OME tussen het tweede en vierde jaar, is bovendien een aantal taal- en 
schoolvorderingentests afgenomen. Drie groepen kinderen werd gevraagd deel te 
nemen: kinderen zonder een OME-geschiedenis, kinderen met een geschiedenis 
van bilaterale OME en kinderen met een geschiedenis van bilaterale OME, die 
behandeld zijn met trommelvliesbuisjes. Van de 395 geselecteerde kinderen, 
namen 305 kinderen (78%) deel aan het onderzoek. Ter aanvulling zijn bij 
Samenvatting 143 
ouders en leerkrachten vragenlijsten afgenomen over het taalgedrag van de kin-
deren. De onderzoeken vonden plaats op de afdeling Keel-, neus-, oorheelkunde 
van het Academisch Ziekenhuis St. Radboud. In dit proefschrift worden de resul-
taten van het vervolgonderzoek naar de gevolgen van OME voor de taal-
vaardigheid en de schoolvorderingen gepresenteerd. 
In hoofdstuk 1 wordt een kort overzicht van de literatuur over de gevolgen van 
vroegtijdige OME voor de taalvaardigheid en de schoolvorderingen gepresen-
teerd. Er wordt geconcludeerd dat de bewijzen voor een nadelig effect van OME 
nog steeds niet eensluidend en overtuigend zijn. Tenslotte wordt een overzicht 
gegeven van de huidige studie met de onderzoeksvragen die beantwoord worden 
in de opeenvolgende hoofdstukken. 
In hoofdstuk 2 wordt nagegaan wat de relatie is tussen vroege OME en taal-
vaardigheid op zevenjarige leeftijd. Tussen het tweede en vierde jaar werden de 
kinderen elke drie maanden door middel van tympanometrie onderzocht op het 
voorkomen van OME. Uit de analyses van hoofdstuk 2 kan worden geconclu-
deerd dat OME tussen twee en vier jaar geen nadelige gevolgen heeft voor de 
taalvaardigheid op zevenjarige leeftijd. Verschillende aspecten van taalvaardig-
heid werden onderzocht, maar OME bleek geen nadelige gevolgen te hebben voor 
morfologische, semantische en fonologische vaardigheden. Eveneens werden 
geen effecten gevonden van frequentie van OME, noch van intermitterende 
tegenover continue OME. Ook werden geen positieve effecten gevonden van be-
handeling met trommelvliesbuisjes op latere taalvaardigheid. 
In hoofdstuk 3 wordt de relatie bestudeerd tussen vroegtijdige OME en school-
vorderingen, in het bijzonder lezen en spellen, op zevenjarige leeftijd. OME heeft 
een nadelige invloed op de spellingvaardigheid en op het schrijven van teksten, 
maar niet op de lees- en rekenvaardigheid van zevenjarige kinderen. De nadelige 
effecten van OME op de spellingvaardigheid en de schrijfvaardigheid waren 
echter betrekkelijk gering. De effecten van OME namen niet toe met de frequentie 
van OME tussen het tweede en vierde jaar. Ook werden geen grotere nadelige 
effecten gevonden van intermitterende OME vergeleken met continu aanwezige 
OME, zoals soms verondersteld wordt in de literatuur. 
Hoofdstuk 4 behandelt de relatie tussen vroege OME en het taalgedrag op zeven-
jarige leeftijd zoals dat door ouders en leerkrachten beoordeeld werd. Van 178 
kinderen werd het taalgedrag beoordeeld. Aan de taalvaardigheidsoordelen 
bleken vier goed benoembare factoren ten grondslag te liggen: taalvaardigheid, 
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ordelijkheid, presentatie en spraakzaamheid. Er werd een beperkt effect van OME 
gevonden op 'ordelijkheid van spreken en luisteren'. Er werden verder geen 
effecten gevonden op de beoordeelde taalvaardigheid. Ook bleek er geen effect 
van frequentie van OME te bestaan en had intermitterende OME niet meer 
schadelijke gevolgen dan continue OME voor het beoordeelde taalgedrag. Tot slot 
konden geen positieve effecten van behandeling met trommelvliesbuisjes op het 
taalgedrag worden aangetoond. 
In hoofdstuk 5 worden de effecten van OME in combinatie met een of meer 
risicofactoren beschreven. De resultaten laten zien dat OME in combinatie met 
een laag opleidingsniveau van de ouders, een lage non-verbale intelligentie, een 
laag geboortegewicht (LBW) en/of prematuriteit, en Nederlands als tweede taal 
geen effect heeft. Wel werd gevonden dat jongens met een geschiedenis van OME 
een zwakkere spellingvaardigheid hebben dan jongens zonder OME, terwijl zo'n 
verschil bij meisjes niet gevonden werd. Een behandeling met trommelvlies-
buisjes lijkt bij jongens geen effect te hebben. Ten aanzien van de bevindingen bij 
de premature - en LBW-kinderen wordt een kanttekening geplaatst. In onze 
studie kwamen in de geschiedenis van vrijwel alle premature - en LBW-kinde-
ren OME voor. Om een beter inzicht te krijgen in de prestaties van de premature 
en de LBW-kinderen is deze groep vervolgens vergeleken met controlekinderen 
zonder een geschiedenis van OME en met een normaal geboortegewicht en een 
normaal tijdstip van geboorte. De gegevens tonen aan dat de premature - en 
LBW-kinderen latere problemen in de taalvaardigheid en de schoolvorderingen 
hebben, maar het is onduidelijk wat de specifieke rol van OME daarbij is. In dit 
onderzoek zijn nadelige gevolgen van een toenemend aantal risicofactoren op de 
taalvaardigheid en de schoolvorderingen vastgesteld. Wanneer echter deze 
risicofactoren gecombineerd worden met een OME-geschiedenis is er geen sprake 
van een toenemend effect van OME bovenop de effecten van de risicofactoren. 
In hoofdstuk 6 is nagegaan of er een periode-effect van OME kon worden gevon-
den op taalvaardigheid en schoolvorderingen. Gegevens over het voorkomen 
van OME waren beschikbaar voor vier perioden: tussen 0 en 2 jaar (anamnese-ge-
gevens), tussen 2 en 4 jaar (tympanometrie), tussen 4 en 7 jaar (anamnese-, huis-
arts- en specialist-gegevens) en op de leeftijd van 7 jaar (tympanometrie). In elke 
periode behoorde een kind tot de controlegroep (kinderen zonder OME), de OME-
groep (kinderen met OME) of de OME-TB-groep (kinderen met OME die boven-
dien waren behandeld met trommelvliesbuisjes). Om nu het periode-effect van 
OME vast te stellen werd in elke periode afzonderlijk de OME-groep vergeleken 
met de controlegroep. Daarbij werd gecontroleerd voor ziektegeschiedenis, dat 
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wil zeggen dat de OME- en de controlegroep in de andere perioden dan de periode 
waarvoor een effect moest worden vastgesteld niet van elkaar verschilden wat 
betreft ziektegeschiedenis. De OME-TB-groep werd vergeleken met de OME-groep 
in elke periode, waarbij ook weer werd gecontroleerd voor ziektegeschiedenis. 
Tot slot werd nog nagegaan of er een samenhang bestaat tussen frequentie van 
OME en taalvaardigheid en schoolvorderingen. Toenemende frequentie van 
OME hing alleen samen met slechter presteren in auditieve discriminatie en 
ordelijkheid zoals beoordeeld door ouders. Hoewel er nadelige effecten van OME 
en positieve behandelingseffecten op een aantal afhankelijke variabelen werden 
gevonden, kunnen geen eenduidige conclusies worden getrokken. Tegenover 
effecten in de verwachte richting, werden ook tegengestelde effecten gevonden. 
Derhalve wordt geconcludeerd dat een periode-effect van OME niet is aange-
toond. Ook bleek uit de resultaten geen specifieke vaardigheid in het bijzonder 
gevoelig te zijn voor OME. Consistente behandelingseffecten werden eveneens 
niet vastgesteld. 
In hoofdstuk 7 wordt de relatie tussen taalvaardigheid en de lees- en spel-
lingvaardigheid bestudeerd in de beginfase van het lees- en spellingproces. Op 
basis van gegevens van 184 kinderen in groep 4 van de basisschool is een model 
getoetst door middel van LISREL-analyses. In dit model van de relatie tussen 
taalvaardigheid en lees- en spellingvaardigheid werd ervan uitgegaan dat lezen 
en spellen secundaire taalvaardigheden zijn, afhankelijk van de mondelinge 
taalvaardigheid. De relatie kan echter ook wederkerig zijn, dat wil zeggen dat de 
lees- en spellingvaardigheid ook de taalvaardigheid beïnvloeden. Lezen kan 
bijvoorbeeld ook leiden tot een toename in de groei van de woordenschat van 
kinderen. In de beginfase van het lezen en spellen zullen de relaties tussen taal-
vaardigheid en lees- en spellingvaardigheid echter vooral het karakter hebben 
van een eenzijdige relatie. Bij het bestuderen van de relatie tussen de taal- en 
lees- en spellingvaardigheid neemt het foneembewustzijn een belangrijke plaats 
in. Auditieve analyse en synthese worden verondersteld een essentiële me-
diërende rol te hebben in de ontwikkeling van het lezen en spellen: ze be-
vorderen niet alleen het lezen en spellen, maar worden wellicht ook ontwikkeld 
door het lezen en spellen. In het model is ook de relatie onderzocht tussen taal, 
lezen en tekstbegrip, waarbij het uitgangspunt is dat tekstbegrip bepaald wordt 
door zowel de decodeervaardigheid als de mondelinge taalvaardigheid. De resul-
taten van de LISREL-analyses, waarmee het model getoetst is, laten zien dat het 
beschreven model aannemelijk is. Naar aanleiding van de analyses werd echter 
ook een alternatief model voorgesteld dat past bij dezelfde data. In dit alterna-
tieve model wordt het onderscheid tussen het tempo en de accuraatheid bij de 
146 Samenvatting 
decodeervaardigheid meer benadrukt dan het onderscheid tussen lezen en spel-
ling. Dit alternatieve model lijkt ons aannemelijker. 
In hoofdstuk 8 wordt de algemene discussie van het gehele onderzoek gegeven. 
We concluderen dat de nadelige gevolgen van vroegtijdige OME voor de taal-
vaardigheid en schoolvorderingen op zevenjarige leeftijd beperkt zijn. Zelfs van 
langdurige OME lijken kinderen geen nadelige gevolgen te ondervinden. Moge-
lijk is er wel sprake van korte-termijneffecten waarvan de kinderen zich na korte 
tijd herstellen. De resultaten van deze vervolgstudie veranderen niet wanneer 
ook rekening wordt gehouden met de frequentie van OME of het patroon van 
OME. Het effect van OME neemt niet toe als hij samengaat met andere risico-
factoren. In het algemeen kan worden gesteld dat bezorgdheid over de effecten 
van OME tussen twee en vier - en misschien ook van OME buiten die periode -
op de latere ontwikkeling niet nodig is. Het wordt aangeraden de premature - en 
LBW-kinderen goed te volgen tijdens hun vroege ontwikkeling. Ze hebben een 
grote kans OME te krijgen op jonge leeftijd, hoewel het niet duidelijk is wat de 
specifieke invloed van OME daarbij is. Vaak wordt verondersteld dat taal-, lees-
en spellingproblemen wellicht voortvloeien uit een OME geschiedenis. Voor 
deze veronderstelling hebben we echter geen duidelijke aanwijzingen gevonden 
in dit onderzoek. Het op grote schaal behandelen van kinderen met een OME-
geschiedenis door middel van trommelvliesbuisjes met de bedoeling latere taal-, 
lees- en spellingproblemen te voorkomen lijkt niet gerechtvaardigd door de hui-
dige vervolgstudie. Samenvattend kan worden gesteld dat de resultaten van dit 
proefschrift niet de gedachte ondersteunen dat lichte gehoorverliezen door OME, 
tenminste die in de periode tussen twee en vier jaar, leiden tot latere problemen 
in de taalvaardigheid en schoolvorderingen. 
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